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CHAPTER 1

INTRODUCTION

1.1 Origin_of_the Problem

In the event of an unplanned release of radiocactive
material, it is nacessary to know the doses the public could
receive in order to make dacisions that minimize risk to
that public. The research reportad here is as outygrowth of
preliminary work done to determine what doses the public
might receive if thay try to evacuate or seek shelter.

Figure |1 is the flow chart of a conceptual program
designed to determine which alternative provides the lowest
dose to individuals. The alternatives are: taking ne
action; seeaking shelter in homes; seeking shelter in other
buildings, such as factories or schoolsjy or evacuating. The
input includes weather data and the chemical and isotcpic
nature of the release. A dispersion and deposition model
determines the real time an& projected concentrations in the
radioactive cloud and fallout. The infiltration models
determine how much material gets inside the structures. The
structure shielding (and vehicle shielding) mcdels determine
how much the unprotected dose is reduced by available
structures. The dose models compute the doses from the

1
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fallout and the cloud sources. An evacuation model
estimates how fast and in what direction the population is
expected to exit in the avent evacuation is ordered. A time
use model estimates how much time an unwarned population
would spend indoors, outdaors, or in vehicles. The result
of the program is three dose estimates for the populations
in each sector around the accident and at different ranges
from the accident. These doses are: a sheltered dose, a "do
nothing dose” for the option of not warning the population,
and a dose received while evacuating. With this
information, an official car make informed decisions as to
what the public should be told. Ideally this program would
be contained in mini-computere available near the releases
site and would provide results in ssconds or at most‘n few
minutes., The research reported here was done to provide
data for the structure shielding subroutinas of su.h a
program. However, the bibliography included in this paper
is a survey of literature applicable to the total problem
concerning which action alternative provides the lowest

dose.
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1.2 Research_(bjective

The objective of this ressarch is to deavelop a model
for tha protection previded by structures, such as homes,
against releases of airborne radicactive material as a
function of the gamma energy spectrum of the released
material. Doses received through the food chain or
inhalation are nct considerad.

It is not necessary to do a detailed analysis of each
structure. The results of detailed studies, both
mathematical and empirical have bean reportad for a few
speactra and building types. Thersfore the purpose of thigas
ressarch is not to calculate protection factors, but rather

to show how they vary with energy.
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1.3 Background of the Shielding Problem

During the 1950's and early 1968°'s a grexzt dsal of work
was done to predict the protection cone would receive from
weapon fallout by sesking shelter in a home, bassnent,
factory or bomb shelter. This work was the result of the
Federal civil defense policy of the time (1], The result of
this effort was the development of the Office of Civil
Defense (OCD) Standard Method in several versions meant
primarily for architects or for surveying existing buildings
(2,3,4,5,6]1. Veary little additional work was done until the
mid 1970s. The publishing of tha Reactor Safety SBtudy (7]
prompted a new intaresst in structure shielding. In 1975, Z.

G. Burson and A. E. Profio published Structure _Shielding

from_Cloud and Failout Oemma Ray Sources for Assessing_ihe

Conseougnces of Reactor Accideants [Bl. For fallout

protection data, they relied on the previous bomb fallout
studies, and for cloud source protection data, they
developad a point kernel integration technique. Their data
ware used by G. H. Anno and M. A. Dore in "The Effactiveness
of Sheltering as a Protective Action Against Nuclear
Accidents Involving Gaseous Releases", which was published
by the EPA in 1978 [9). That report raised the issue of
infiltration of radicactive gases into the structures.

Their report was further amplified by work done at Bandia

Laboratories in 1977 and 1978 [18,11). The Three Hile

...........................................................
...............................................
...............................................
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Island accident prompted a new public interest in seeking
protection from radiocactive relesases. In 1983, the National
Bureau of Standards published gtructure Shielding Against

Eallout Gamma Rays From Nuclear Detonatigns [1]. This work

is both a summary and a completes update of the previous
fallout shelter work, but it deals only with fallout from a
nuclear weapon. Nearly all the information in the open
literature to date, including the works just mentioned, rely
on gamma energy spectra either derived from bomb fallout, or
from scenarios involving the relesase of a great amount of
nuclear reactor core materials. As the TMI and SL-1
accidents pointed out, it is far more likely that only noble
gases (which have a much lower snergy spsctra than weapon
fallout) and a limited amount of volatile materials, such as
iodine, will escapes esven from a severs accident [12,131,
Radicactive releasses are also possible from other
activities, such as transportation of spent reactor fuel,
and manufacturing accidents involving medical sources. The
cesearch _reporied here is_an_sffort Lo transfsr_the
knowledge gained from the oreyvicus wespon fallout shielding
work_to.realistic protection factcrs for possible accidentasl
celsases_whatever the relsased spscicum sight De,
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1.4 Qraganizstion

This paper consists of a discussion of the rationale
behind the selection of a point karnel mocel for both the
fallout and cloud source conditions and a description of the
component buildup factour, ground roughness and geomatry
models that were used. The results of tha models are
related to structures such as homes and vehicles and to the
historical cases of TMI-2 and SL-1.

The three appendixes contain descriptions and FORTRAN
listings of the programs deaveloped to provide tha required
shielding data.

The protection factors rsported here are called Dose
reduction factors (DRFs). This term is adopted to pravent
confusion with other terns such as shielding factors (SFs)
and Protection Factors (PFs) which ar® defined differently
by different researchers. In the strict sense, a DRF should
be definecd as the ratio of the actual dose received to the
dose that would be receivad if there was no protsction at
all. Unfortunately, the relationship betwesn dose and gamma
energy for a standard individual is not easily defined for
low energy gamma rays. The unavailability of this data
required the use of exposure instead of dose in calculating
the DRFs reported here. Bacause the DRF is a ratio of two

exposures (or doses) taken at the the same gamma energies,

the errors in using exposure instead of docse cancel each




other. The DRF, as usaed in this paper, is defined as the

ratio of the protected exposure to the thearetical

unprotected expcsure.




M B S ae s e g 0t A S it B4 AR R4 A B Bd B AT AU Ae Ae Ak o AN B a2 A0 At e 20 Rathua, earad At i Weg

CHAPTER 11
S8TRUCTURE SHIELDING

2.1 Mpdel Sslgciion

The principle objective of this dissertation is to
pradict how tha exposure from sources associated with a
release of radicactive material varies as a function of the
energy of the smitted gamma rays. The ability to predict
gamma flux as a function of energy then became a prime
factor in choosing a mathematical model. The ability to
sasily identify the components of the model and relate them
to the physical world was also a prime selection criteria.

Shielding data have been calculated or experimentally
found for a few shielding geometries, and for a very limited
number of energies [14]. The enurgies used in the available
literature are associated with wespon fallout or the
postulated PWR-2 accident identified in the Reactor Safety
Study (RSS) [15]). [ The postulated PWR-2 accident “"includes
failure of the cooling systems, and core meltdcwn concurrant
with a lass of containment spray and heat rasmoval systems.
Failure of the containmant barrier occurs through
overpressure causing a substantial fraction of the
containment atmosphere to be released in a ‘puff’” [16].1]

9
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While some good data ai 2 available for these high energy
spectra, almost nothing is available for other energies.
Thus a mathamatical model only needs to determine how the
shielding factors vary with energy, and than relate them to
the known valuas for the bomb fallout spectra.

Three methods have been developed that zan calculate
the shielding provided by a structurs: moments,
Monte~Carlo, and point kernel integration. Ths method of
moments is the basis for the "standard" method [(2]. The
standard method is very good for calculating the protection
provided by a specific structure from a specific esnergy
spectra, usually the 1.12 hour bomb fallout spectra. |
However, sach new energy spectra raguirss the development of
a set of tables, nomographs, and curves - making it very
difficult to use the technique over a broad snergy range.

The Montae-Carlo method is, in thesory, an exact solution
to the radiation transport equation and can be used for any
geometry or energy distribution. It has the advantage of
being able to find nearly exact answers to specific
problems, however it is cumbersome to use, requires a great
deal of computer time, and its implesentation is difficult
to relates back to the physical problem. The Monte-Carlo
method is unrnecessarily complex for the problem at hand.

The point kernel method has the advantage of being

easily related to simple geometries. While it cannot

P
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provide sxact solutions to real problems, it can maks
reasonable estimates and is smasily adaptad to varying
snergies. The point kernel method can be usaed to provide
the transforms necessary to get from known shielding values
to values at other ensrgies. For these reasons, the point
karnel! method was chosen as the math model in this
dissertation.

Even with this seemingly simple choice, the method
required a gresat deal of development in order to provide
reasonably accurate estimates. First, buildup factors that
are accurata over the nacessary ranges of snergy and mean
free path had to be found. Second, an accurate nethod of
combining the buildup factors in multi-region prablems over
a wide snergy range had to be developed. And thirc, a
method for calculating the sffect of ground roughness on the

attenuation factor for fallout sources had to be davelcped.
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In Shielding, the treatment of uncollided photon flux
is generally a simple exponential attenuation calculation,.

A point source of strength (8c) (#/sec), in an infinite
homogeneous medium characterized by a linear attenuation
coefficient 4 (1/cm), will have an uncollided flux ¢
(#/cm#/sec) at a distance R given by

¢ = Bo-exp(=~ A R)/(4-7T R, (2. 1)
The factor exp(- 4. R) is dus to material attenuation and the
geometry factor 1/(4-7T-R?) is due to thes invers. square
law. The combined factor

B(R) = axp(~4¢ R)/ (4 -7 R*) (2.2)
is referred to as the point kernel. The uncollided flux for
any geometry can be obtained, at least in principle, by
integrating the point kernel over the gaometry.

When the effect of collided flux is taken into account,
the problem becomes a difficult transport problem. To get
around this difficulty, a semiempi~ical factor, the buildup
factor (BUF or B) is used to correct for the contribution
from scattered flux. There are many types of buildup
factors including the "number buildup factor”, the “energy
buildup factor”, the "snergy absorption buildup factor" and
the "dose buildup factor". 1In this discussion only the dose
buildup factor is of interest. The doaes buildup factor is |

defined as the ratio of the total dose rate at a point to
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the dose rate due to the uncollided flux at the same point.
The point karnel is a function of the photon enaergy, shield
thickness, and the atomic number of the shield material (2)
{17]. The point kernel for the flux at a distance R becomes

BG(R) = B-exp(=xc-R)/(4 - R3), (2.3
Here the value of the calculated flux is weighted to account
for the reduced dose rate due to the lower linear energy
transfer rate of the lower energy ccllided photons. Because
the total dose rate is always greater than the dose rate due
to uncollided flux only, buildup factors are always greater
than 1.

As explained in Section 1.4, even though tha term
"dose" is used throughout this dissertation, the programs
developed here calculate exposure. This should not
represent any real problem because this dissertation deals
with the ratio of exposures which is equivalent to the ratio

of doses (DRF).
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2.3 Accgurate Bujldup Factors

Finding accurate equations for the required buildup
factors can be difficult. The models reguire buildup
factors over a range of ensrgy from 15 KeV to 15 MeV and a
range of mean free paths (mfps) from @ to greater than 40
mpfs. Nearly all the works reporting buildun factor data
were published before 1970. As lats as 15468, even the most
comprehensive works only reported data for G.5 to 18.0 MeV
and out to 20 mfps [18). Further, even when data are
available, the most accurate formulas commonly used can
deviate from the true buildup factors by mcre than 60% [191].
The greatest deviations occur bstwesn 0.1 and 2.0 MeaV,
which, unfortunately, is where tha most interest lies. The
three most common formulas for estimating buildup factors
arc Taylor's formula (a three paramester, two term
exponantial equation), Berger’'s formula (a two parameter
sxponential esquation), and a pclynomial formula which
usually has three terms, but is often used with two tarms

and as such is good only for thin shields [20,213.
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Taylor's_formulas (2.4)
B = A-exp(- asr) + (1 - Arexp(= b.-s-r)
Bergar s _formulas 2.%)
Bwil + .'/b'r'lﬂp(b'fb'r’
Eelynonial foroulas , (2.6)
B = E: a; - ¢ /o-r)t
1e0
Two_term_polynomial formula (2.7)

B=14+ k-(/k-r)

A further complication, and a little reported fact, is that
the parameters for the just mentioned formulas may have been
calculated using criteria designed to prevent
underestimation of doses [22]. In other words, data taken
by engineers as accurately raprasenting physical reality
have been altered to prevent them from seriously
underestimating doses. As an example, Taylor's formula at
2.5 MaV has a total deviation of approximately 44% over @ to
48 mfpsj parameters reported in the literature [23] cause a
deviation of from +41.3X to -~ 5.4% instead of +22.% to -22.%
[22]. Bacause ona of the goals of this paper is to compare
the exposure received for differant spectra as accurately as
ponsible to allow an intelligent selection of alternatives,
data with this kind of inaccuracy cannot be used.

A much more accurate formula, along with the required
parameters for‘wntnr has recently been published by A.

Foderaro and R. J. Hall [24]. This is a three term, five
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parameter formula similar to Taylor’'s formula. The average
deviation of this formula is reported to be less than 1.% at
most energies and never exceeds 4.% (the maximum deviation
is at 0.1 MeV and 40 mfps).

IDC!!:!&RQ%!Q&&!L-iQClee 12.8)

B = ZAic-xp(—qi-/ﬂ--r)

whcrl:as = | - A - A,.
The buildup factors for air and water as a function of
snergy and mean free path are very nearly identical [25].
This is because the average "Z" number Jof air and water are
nearly the same. A comparison of the two buildup factors is
shown in Figure 2 at 20 mfps. The error for fewar mfps is
much less than at 20 mfps. Fortunately the greatest
daviation between the air and water buildup factors occurs
at large mean free paths where attenuation makes the error
in calculating exposures insignificant. The program used in
this paper uses the thres-exponential formulg (equation 2.8)

with the parameters given for water to find the buildup

factors for air [241].

...........................
..............................
...........................................................
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Finding accurate buildup factors for a general
structurs’'s walls and roof is also difficult. Fortunately,
construction materials are almost completely constituted of
iow-Z elements and thus, after adjusting for dsnasity
variations, wood and concrete ar® very nearly aquivalent
(26]. Therefore, the mass attenuation coefficients and
buildup factors of what is referred to as “NBS" Concrete
ware chosen to reprasent building materials. Tha formula
contains six non-linear terms and sleven parameters [(271].
It was developed by the Natioral Bureau of Standards and is
the standard for concrete; as such there is no error
assocliated with it as there would be if an approximation
formula had been used. Using concrete as an approximation
fo= building material in general is much more accurats than
using the buildupy factors for water (or compressed air) as
is commonly done [(28]. The practice of using the buildup
factors for water seems to be a continuation of an sarlier
practice developead to avoid a limitation of the moments
mathod where all materials ares considered to be water or air
of varying density [29,32]. However, the buildup factors
for water can be more than 180 times that of concrete for
large mean free paths and energies near @.1-MeV (311].

All of the buildup factors used in the program are "Air
Kerma Rasponse Function" buildup factors. These buildup

factors are mesant to b® usad to calculate exposure and dose.

.......................................................
.........................
........
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2.4 Combining Bujldup Factors

A major problem in using the point kernel method
occurs when the photons pass through more than one media. A
single buildup factor must be found that represents the
buildup through all the layers of material bestween the
source and the detector. In order to understand this
problem it is necessary to consider the definition of a
buildup factor.

The buildup factor is the ratio between the detector
response to the total radiation at a point of interest over
the detector response tec the uncollided radiation at the
same point [32]. Buildup factors are necessarily a function
of four variables: the composition of the material through
which the rodiation passes (usually just referred to as Z
number dependerice), the geometry of the source and the
detector, the number of mean free paths (mfps) that the
radiation passes through and, the energy of the uncollided
radiation. By using mfps instead of physical distance, the
formulas for calculating buildup factors are indapendent of
material density. The number of mean free paths remain a
funztion of material, density and distance. Buildup factors
are calculated using the Monte-Carlo or moment methods, or

found from empirical data. Usually the medium is assumed to

be infinite.
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The equation for the dose from a rimple point source in
a continuous homogeaneous infinite medium is:
Dr = Do/R? - B(Eo,mfpr,2) - exp(-mfpr) (2.9)
Where: mfpr = the number of mean free paths
between the source and the detsctor;

R = the geometrical distance between the
source and the detector in units of
distance;

De = the dose at the detector;

Do = the dnse at a unit distance from the
source in the absence of any madium in
the vnits of dose times -distance
squared; and

B(Eo,mpf,Z) or B = the Buildup facto~ as &
function of source energy, mean free

path, and material Z number.

By defining Do at the same distance from the source as the
detector, (this can bes done because R is in arbitrary
distance units) R becomes equal to 1 and the squation is
simplified to:

D = Do - B(Ea,mfpr,Z) - exp(-mfp~) (2.18)

ars

B = B(Eoymfpr,Z) = Dr/Do - mxp{imfp~+) (2.11)
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If we take a continuous medium and break it into two regions

(sae Figure 3)1i

B = D2/Di:1 ' Di/Do - expimfpi) - exp(mfp=).

(2.12)

But: B(Eo,mfpi,Z) = the buildup factor frem point
"Q" to point "1"

= Di/Do - axpi{mfp.). (2.13)

Thus we can think of the buildup factor from point "1" to

point "2" as

R(Eg,mfp2,2) = Do/D,  @upimfpz) (2.34%)
ands B = B(Ea,mfpi:1,2) - B(Ea,mfp=,2)
2 B‘ED’meT'Z)- . (2- 15)

clearly buildup factors muat ba multiplied in order %to beas
combined. The difficulty lies in finding B(Eo,mfp=,2). For
a continucus medium

P(Ec,mfp=yZ) = B(Ea,mfpr,Z)/B{Ec,mfpi,2).

(2.16)

B(Eoymfp=,2) rapresents the additional buildup from point 1
to point 2. It takes into account the buildup and shift in
snergy spectrum from point @ to point 1 (see the insert in
Figure 3). The problem becomes apparant whan one realizes
that buildup factors are only tabuiated for continuocus
media. If the madia in region "Z." and reqgion "7I=x" are

different, we can find B(Es,mfpi:,Z:) from tables, but not

B(Eoymfp+yeZ1.=2) Or B(Eo,mfp=,2=). Here Z.., > represents the
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composite region made up regions Z: and Zz. In fact the .
value of B(Eo,mfpr,2:.2) is dependent on the geometry of the
problem as well as the detailed composition of both regions.
Thus we cannot esxactly determine B(Eo,mfpr,Z..2) by the
point kernel method unless the same specific problem is
first solved either empirically or by the Monte-Carlo
method.

Several methods hava bwen developed over tha years for
estimating B(Eo,mfpry21.2). Tha most common mnthod'simply
multiplies the buildup factor B(Eo,mfpi,21) by B(Eoymfpz,22)
[32,33,34,35,34]. This method oversstimates the composite
buildup factor B(Eao,mfpv,Z.:.2) (32,351, and thersfore gives
an upper limit.

Another method developed by D. L. Broder [37] for a
narrow range of energies is to combine the buildup factors
as follows:

B(Eo,nfpreZ1.2) = B(Eo,mfpi,21)

+ B(EoymfpryZ2) = B(Eoymfpi,I=z) (2.17)
The method can be extanded to more than one region. Broder
did not discuss the development of Equation 2.17 except to
say that "it can be reacommended for calculating buildup
factors for heterogensous media at energies near 1 Mev”,
and, "...it may be assumed that the derived equation is also
applicable for large snargies". It doss fit his data, but

overestimates the buildup factors at lower energies (see
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Figure 3). Broder's method and a few slight variatiocens of
it arm vary popular where more accurate combined buildup
factors are sought but the restrictions on whan they are to
be used are seldom mentioned [32,33,34,351].

Another commonly usad method takes only the larger of
B(Eoymfpi14Z1) or B(Eo,mfpz,Zz). This underestimates the
buildup factor, but it does give a lower bound.

The method used here for estimating the combinad
buildup factor is derived from Equation 2.146. The buildup
factor for region "Zz:" is estimated by taking the ratio of
the buildup factor found by using the material of region
"l2" and the total number of mman fres paths from the source
to the end of region "2:" divided by the the buildup factor
found by using the material of region "Z=" and the total
number of mean free pathas from the source to the baginning
of region "Z=>"1

B(Eoymfp=2,y22) = B(Eoc,mfpr,2=)/B(Ec,mfp1,2=).
(2.18)
This method takes into account the development of the
spectrum as it penetrates region "Z." by ascuming the
spectrum would be similar to that developed if it penetracad
the same number of mean free paths of material "Zz". 1If the
media in regicons *“Z." and "Z:" are the same (or even if they
are made of the same elements but with different densities)

Equation 2.18 reduces to the identity Equation 2.16. In
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fact this assumption should be very good for regions of
similar Z number, because as ahown by plots of the
differential energy spectrum for water and &luminum due to
mono-energetic gamma rays, there is little differance in the
shape of the spectrum produced in materials of Z number lass
than 13 [381. The "Z" number of concrete is usually taken
as 13 also.

Determining the exact accuracy of this method would
require empirical or Monte-Carlo solution. However, this
method passes two important tests that are required of an
accurate method. First, its results generally lie batween
the known upper and lower bounds over tha entire snergy
range. The only exception is at approximately 158 KeV, where
the shift in the photon energy spectrum that occurred in the
first medium altered the BUF curve of the second medium as
expected. Second, for the available data (at 1.25 MeV)
agreament is very good as shown in Figure 4 where Border's
data and his formula also agree. The methcd developed here

is the only one that passes both tests.
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2.5 Comparisaon_of Source Specira

While it is not a purpose of this dissertation to
spaculate on the protection offered by a shelter for any
particular release event, it is necessary to calculate the
protection provided for a few well documented spectra in
order to compare results and draw conclusions relevant to
the current literature. How the spectra for comparison are
obtainad is of some interest. The programs used here
require the source to be reported by sach gamma energy and
the fraction of disintegrations resulting in that energy for
each curie enitted by the source. |

For releases reportad as curies of individual isotopes,
the job is wasy. The only assumption that needs to be made
is that the isotopes are uniformly mixed. Even this
assumption may be ralaxed when the models used here are
coupled with a dispersion model. Ccre must be taken that
all daughter isotopes are found. Table 1 gives an example
of this kind of release data. It contains the release
reaported for the first 33 hours of the Three Mile Island
Accident in March 1979 [39]. In Table 2 the energy peaks
for sach of the isotopes and their daughters have been
catalogued [40]. Table I shows the data reduced to a
suitable spectra by multiplying the fraction of the isotope
in the relwase by the fraction of disintegrations that

result in that particular gamma photcn energy. Similar
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anzrgies have bean summed. Note that the iodine-131 plays
an insignificant role in the cloud sources; however, it
comprises the entire ground scurce (Tablae 4). In a similar
manner the fallout spectrum for the 1961 SL-1 accident can
be found from the 10 Curies of 1-131, @.3 Curie of Cs-131
and 8.1 Curie of Sr-90 released (41]. Note that 5r-70 plays
no role in the shiaelding calculation since it is a pura bhoata
emitter. Brammstrahlung is not included in the spectrum
calculations due to the low average energies generated, high
shielding factors at those energies, and the low
bremsstrahlung yield in the low Z number matarials involvad.

When releases are reportad as spectra in tha
literature, they are often raported in energy groups and as
the relative energy content of the gamma rays emitted in
ea~h group. Thess spectra must be converted to energy
groups and the relative number of gamma photcons emitted in
sach group. Tables 6 and 7 [42] give examplas of this type
of conversion. In these tablaes, "f" is the fraction of the
total photon enargy contained in each energy group. To
convert to the relative number of photons in each group, "f"
is divided by the average energy of sach group and
renormalized to 1.0. The resulting fraction is used by the
programs to calculate the dose reduction factors, but cannot
be used to find the dose per Curie of release, unless the

isotopic composition of the radicactive material is known.
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This is because the number of curies required to produce a
given number of photons is unknown.

A much wasier way of obtaining spectra is to find them
given in the way nesded - by snergy group and relative
number af photons in each group as was found for the weapon
fallout spectra given in Table 8 [43]. Again the dose per
Curie released cannot be directly found, but the dose
reduction factors can be calculatad. When these spectra are
used, the exposure for sach averags group snargy is found
and multiplied by the fraction of photons in that group.

The results are summed to find the total exposure and
divided by the similarly found unprotected exposure to
cbtain the dose reduction factor.

Figures S5 and 6 depict the relative energy of sach of
the six spectra discussed. In order to provide a visual
comparison of tﬁ. spectra, all six spectra wers converted to

energy groups.

.........................................................
....................................................................................
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TABLE 1

0

ISCTORIC RELEASE FOR THE FIRST THIRTY-THREE HOURS

OF THE THREE MILE ISLAND ACCIDENT OF MARCH 1979 (391

Isotope Curies Fraction
a-133 4.9 x 10%%4 9.729
Xa-133m 1.2 x 10#43 23.818
Xa-133 1.3 x 10%#4 D.223
Xa-133m 1.4 x 19%#35 2.221
~-88 b.1 x 12#x%4 2. 0091
1-131 1.9Q8 2. 2000003
total 6,72 x _10%%46 1.2
e
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! TABLE 2
ENERGY PEAKS FOR ISOQTOPES IN TABLE 1
! lsotope Energy (MaV) Fraction of Disintegrations
Xe-133 Q.081 8.37
Xa=133m 0.233 0.14
2.281 (Xe~133) 2.37
I Xe—-135 2.258 2.91
@.61 2.03
Xa-135m 8.527 2.80
2.250 (Xe-135) 2.91
B.61 (Xa-135) 2.03
Kr-88 2.228 2.87
1 ‘ 2. 166 2.87
' 2.191 2.35
2.356 2.05
@.85 2.23
1.55 2.14
_ 2.19 2.18
: 2.40 2.35
~ @.898 (Rb-88) 2.13
' @.1846 (Rb-88) 2.21
2.68 (Rb-88) @.023
1-131 e.80 2.0246
. 0.284 0.054
i 0.3464 9.82
P 0.637 2.048
0.723 2.016
0.164 (Xa-131m) 2.00802
'
'
1
'
. - . . -V". '~'_...~ .-_'...‘..A‘.-...‘.\-~'.-.'\‘;. “» Y - . - . ~ - - - . . -/._ -------------- - u‘ --‘ ---------- Ul SRR "-‘ .....




32

; TABLE 3

ENERGY SPECTRA DERIVED FROM TABLES 1 ANL 2

ENERGY (KaV) Fraction of gammas per Curia of ralease

] - 2630, ?.gaazae o TTTTTTTTT
2400. 2.20319
215@. 3.020164
18463, 2.00191
15502, 2.00127
898. 2.00118
] 8s0. 2. 22209
610. 2.00732
527. 2.0148
360. 2.02045%%
250. Q.2220
233, 2.00252
1 191. 2.00319
166. ?.08637
81. B.2764
28. 2.000637
|
i
}
'
¢
‘
'
e e e I S e U T R :
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i Table 4
' I-131 SPECTRUM (TMI PARTICULATES)

. Energy (KeV) Fraction of Gammas
l 723. 2.016 -
) 637, 0.048
344, 2.82
284, 2.a354
164, 2. 0202
l 80. 2.026
. TABLE S

SL-1 FALLOUT SPECTRUM (411

Energy (KeV) Source Fraction of Gammas per Curie

l 723. 1-131 2.28151

' &b2. Cs-137 0.0401
N &37. I-131 B.04642
K 3464. I-131 @.774

" 284. 1-131 2. 0509
i 164, I-131 2.00019
* 8a. I-131 0.08245
e

¢

(]

-
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TABLE &
RELATIVE SOURCE SPECTRA FOR A CLOUD SOURCE FROM A

REACTOR SAFETY STUDY PWR-2 EVENT [42]

— —— e —— - - -—— i ———— - -

E(MaV) Eave 3 f/Eava Fraction
2.01-23.1 Te.0%5 2.033 9. 650 2.3693
2.1-3.5 9.32 0.144 2.547 9. 3389
9.5-1.0 2.75 2.197 0. 244 8.1476
1.0-2.0 1.50 ?.279 9.186 2.124}
2.0~-3.0 2.50 8.327 @.131 2.0732
total 1.929 1,797 1.2
TABLE 7

RELATIVE BOURCE SPECTRA FOR A FALLOUT SOURCE FROM A
REACTOR SAFETY STUDY PWR-2 EVENT [42]

E (MaV) Eave f f/Eave Fraction
2.01-2.1 2.05 9.212 2.292 D. 14696
?.1-0.5 0.38 2.084 9.287 D.2432
2.5-1.0 2.75 0.244 9.323 0.2739
1.0-2.0 1.58 2.38B4 Q.2357 9.2183
2.0-3.0 2.50 2.274 P.110 2.2932

total 1.22Q 1.172 1.2




- TABLE €
n

FINN-SIMMONS 1-HOUR WEAPON FALLOUT SPECTRA [431

E (MaV) Eave Photon Fraction

éﬂ 9.8-0.@5 9.025 2.0271

- 9.05-0.10 2.075 0.0137
2.10-0.20 Q.150 @.8737
2.20-0.38 2.250 0.0476
?.32-0.402 2.350 Q.8929
2.40-0. 602 2.520 @.1373
9.60-0.80 w. 7080 2.1717
90.80-1.00 2.9020 @.1627
1.33-1.66 1.500 9.0957

. 2.20-2.50 2.250 2.0397

o 2.%0-3.00 2.75%0 2.0148
J.80-4.00 3.58¢ 9.0042
4.080-5.20 4,502 9.0001
total 1.0000

D |

[ 2

..

e




1.0, 1.0
TMI Cloud PWR-2 Cloud

FIGURE S (Comparizep_of Cloud Sourcs Spacira.-
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10 1.0;
} ™I 1 PWE-Z
Particulates { Particulates
0.54 0.51

o.omed . 0.04
c 1 2 3 4 5§
MeV
1.0 1.0;
1, SL-1 : 1-Hr.
] Particulates { Weapen Fallout
0.5¢H ]
0 1 2 3 4 5§ 0 1 2 3 4 &
MeV MeV

FIGBURE 6 Comparison of Fallout Source Spectra.
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The hypothetical infinite smooth plange source assumed
for point kernel integration over a disk source does naot
exist in nature. The fallout particles distribute
thamselves over thae real tarrain surfaca. Bmall aurfacos
irragularitias, such aas grass, gravael and concreta ar=
usually &allud ground roughness in the shielding litaraturae.
For an infinite plane source, moat of the gamma rays
orig.nate from large distances and traval through small
grazing angles to the surface} irrsgularities in the surface
cause those rays to be attenuated as they begin thaeir
journey. Larger surface irrsgularities, such as hills,
washes and buildings are called terrain effects. Those
large irregularities nearly always raduce dose rates (by as
much as 3@% "for a person standing on top of a amall staep
hill that falls away in all directions....bmcause the hill
hides much of the fallcut bayond the immediate arsa.") [44],
However these large effects are not general in nature; b=ing
paculisar to specific buildings and situaticons, and ara
therafore not considered in this model. This dissertation
is concernad with modeling effects that are more general in

nature i.e. the shielding providad by lawns, straets, estc.

~—
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2.6.1 Praviogus Modmels

In 1948, the Defense Civil Preparadnass Agency
L45) published reduction factors to be applied to various
ground roughness conditions for a fallout source. These
data are repeated in Table 9. Thase data indicate that
ground roughness can reduce the dose rats by as much as 50@%
compared with 1 meter above the standard hypothetical smooth
plane source, assuming that the same amount of fallout is
uniformly deposited in both cases.

The simplist model, and the one most commonly found in
the literature, appliss the above factors directly to
shielding factors found for buildings, without regard to the
fallout source £44,44]. However, because the reduction
factor is caused by a portion of the gamma photons passing
through surface irregularities as they start their journeys,
the raduction factors must be scurce energy dependent.

Another possible model was sugoestad by C. M.
Huddieston in 1944 whan he observed that the ground
roughness effact of various Neavada terrains on fallout from
an atmospheric bomb test was squivalent to raising his
detector 20 to 40 ft [47]. While lifting the detector, and
thus increasing the attenuation caused by air and distance
will give a source energy dependent model, it is not
satisfactory for the following reasons. First, that model

sxposes all the gamma rays to the additional material, while
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in tha raal situation only that fraction of the photona
bahind a surfac» irrzqularity would be effected by it. This
would effect the rasultant spectrum at the dotactor.

Second, that model causes a razlatively greater attenuation
of photons originating near the detector than those
originating at a larqga distanc», yet the gamma rays
criginating from long distancas travel through small grazing
angles to the surface and thus should be morz graesatly
attanuatad than photons criginating near thas detaoctor which

have a nearly uncbstructed line of sight.
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TABLE 9

GROUND EFFECT DOSE REDUCTION FACTOR

FOR 1.12 HR. WEAPON FALLOUT [431]

41

Ground Roughneas Condition

Smooth plane (hypothetical)
Paved aresas

Lawns

Gravelled armas

Ordinary plowed field
Deeply plowed field

Reducticn Factor

1.00

1.80 to
9.83 to
.75 to
2.465 to
2.55 ¢to
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2.6.2 Prgogasd Mgdal
Thaera i3 vary liczla infoermation upon which to
baze a ground rouchnass model. In fact, the rufuren;u givan
in Table 9 gives only one datum point for one particular
spectrum (the 1;12 Hr. fallout spectrum) for each of five
surface types. In order to soke the best use of available
data and ressarch, a model muast be very general in nature -
but must hava sufficient data available to define all its
parameters. Cbviously the one datum point available will
cnly allow the fitting of one parameter. Any additicnal
parameters must be defined by other memanu.
The modsl used in this papesr was developed from one
used to compare the angular distribution of dosc rate over a
ploved dry lake bed to that over a smooth dry lake bed after
fallout from the sxplosion of a nuclaar daeavice [48]. The
model reflects the geometry of a plowed field, see Figure 7,
but the thraeae parameters used by the model make it quite
general in nature. The parameters are: ¥ , the trough
argle; w, the trough width; and d, the width of the
remaining flat surface. The major difference between the
model used in this paper and the model it is derived from is
that the existing model assumed the concentration of fallout
was equal on ail surfaces reagardless of tilt, while the
model used hers assumes that the fallout is uniform on the

horizontal projection of the surface. The use of the two
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models is also differant. While the previous model was used
to predict specific dose values, the model used in this
paper is used to predict dose values at differant enargies.
Instead of finding o specific dose reduction value from
known parameters, the model must use known dose reduction
values to find the unknown parameters.

The problem is to determine the values of three
parameters when only cne datum point (Table 9) is given for
sach surface condition. Bescause the model is used as it is,

this problem can ba solved.




i -

T e

«@
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The concept of a "half-shadow” angle was introduced by
Yu. A. Izrael in 19463 [49]. Tha ratio d/w, for a given
value of ¥ , can be found, at least in many cases, from the
half-shadow angle (A:). The half-shadow angle is defined
as: the angle above the horizontal from which the ground is
illuminated causing half the surface to be in shadow when
viewad from above. As an example: “"when meadow land is
illuminated from an angle of i-dagree above the horizontal
and photographed from above, about 350 percent of the surface
is in shadow (S5@]. The half-shadow angle Ax can be thought
of as being measured from the same reference as g in Figure
7. The relationship beatween d/w, Sz and ¥ is as follows:

| d/w = 1. - 2. cos(?)-sin(Bs)/sin(¥+4;) (2.19)

As can be seen a 3: does not exist if d is greater than w
--as in the case of the praviously referenced plowed dry
lake bed where d was 18 inches and w was 12 inches ([481.
However for the more usual cases AS; does exist. In fact it
has besn demonstrated that S; is proportional to the dose
raduction factor [49]. VYu. A. Izrael’'s data give the
following equation for A: where 7 is the dose reduction
factor:

Pi= 16.43 - 19.05, degrees. (2.20)
Izrael ‘s data for AB: and n for various ground conditions are

given in Table 18.

......................
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TABLE 1@
HALF-SHADCW ANGLE AND DOSE REDUCTION FACTCR

FCR VARIOUS GRCUND TYPES [49]

Ground Typa P+ ,dagraes 7 (CRF)

Very flat, virgin grassy

~agion (meadow, clearing) 1.9 2.81

Vary flat region of arid ztops 1.7 B.77

Arid astaps 3.0 2. 469

Cultivatad field 5.9 @.460

e T e T e s
7
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Because the model is used as it is, to find the

parameter w that gives a given dose reduction for a given
spectrum, the value chosan for ¥ makes very little
difference in the results for varying snergies. The dose
reduction factors over a plane with no structure present
ware compared over a wide range of ¥ ‘s (15 to 45 degraes)
and half-shadow angles (1 to S degrees). The results show
that the differences are insir~ificant for varying ¥ ‘s for
snergies above 60 KeV (cee Figures O and 9). When a small
central void was inserted in the plane, representing the
ramoval of the ground source undsr a structure (the fallout
falling on a structure is accountad for as a roof source),
the differsnces are sven smaller (Figure 1@8). .\nd when a
wall is added the differencas become totally insignificant
for all energies as shown in Table 11. What happens is that
a specific dose reduction factor is specified for a specific
gamma spectrum (in this case 0.81 for Co-60 [49]), ¥ and A:
or d/w are chosen ( ¥ and /3¢ detocrmine d/w) and the "Ground
Factor" program (see Appendix A) iteratively determines a
value of w such that the DRF equals the givan value. The
values of w, d/w and Y are used in the “"Fallout" program
(Appendix B) to determine tha DRF for other conditions where
structures are present. For different values of ¥ and a

given 3¢, the program simply finds a different value of w —-

which results in very nearly the same DRF vs Energy curves.
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The only significant diffarances (for flat planes, saw
Figures 8 and %) are at low anargias where the attenuation
of building walla i3 3o graat %that the varianca in the DRF
causad by asmall changes in ground affacts iz no longar

significant, as shcwn in Tabla 11.
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FIGURE 8 Dose BRyduction Factors for s _Haif-Shadow Angle of
1_Degres ovar_an_Infinits Plane
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- TABLE 11t

; EFFECT OF VARYING THE TROUGH ANGLE ON THE

\

D CCSE REDUCTION FACTCR FOR A SMALL HOUSE

va ON A LAKN

i3

:

3

L ppegopasigengutp e e ————maomozCT - o= jgginggenenfempusten it
T Snarg DRF for CRF for Parcant
X (KaV) Y = 45 deqg. Y = 15 deg. diffaranca
“] 1%2083. 2.3%29 2.%24 3,534
- 12200. 2.533 2,530 2,574

8002. ?.533 2.330 2,561

: &£000. @.529 Q. 526 2,538
' =20a. @.524 ?.522 2,322
" g 4Q020. .521 2.519 B.519
- 3000. 2.5%29 2.5%% . =04
1 2000. 2.487 8. 486 2. 486
B 1%00. 2.473 2.471 9.471
& 1200. 9. 458 2.4%8 2.337
[ 800. @.452 ?.452 -0.244
i] 600. 9. 444 3. 445 -2.109
. =00. 2.442 2. 443 -0.201
! 420. 2.439 3. 440 -0, 267
{ 3009. 2.433 2.434 -3.347
- Z00. 0.379 2. 430 -3, 4645
p 152. 2.359 2.362 -2.366
3 179. 2.244 A.248 -1,75%
2 29. 2.157 3. 162 -2.738
. &0. 2.0%592 2.0617 -7, 247
2 =2. @.02228 2.0229 -5, 390
- 40. 2.002215 ?.20233 -7.910
. za. Q. 342E-% 2. 384E-5% -12,5%49
Yy 20. @.117E-16 B.117E-16 2.2
= 15, 2.2 2.0 2.0
}:

) “{‘
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The Fallout program needs a represantative value for
the number of mean free paths that the ground-attenuated
gamma rays pass through. It also resquires the fraction of
gammas that pass through the ground. The fraction of gammas
that pass through the ground is:

(a + w)/{d + wW. (2.21)
where:

A= wcos(Y) sin(B8)/sin(y+p). (2.22)
Th& problem is in finding a representative value of t (see
Figure 7). Choosing the average value of t works very well.
The maximum value of t is:

trax = w-sin(¥) /(2 -cos(¥) -sin(g)). (2.23)
The average value of t is:

tave = tmax/2. (2.24)
In order to find a representative value of t (teee), the
ground buildup and attenuation must be considered.
Therefors the mean value of the kernel was found over the
integral from x to xmax (Figure 7) and a value of t was
iteratively found such that its kernel and thes mean Jjust

found wers aqual.
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o)

y = 3(E, m trxe) @Xp(=x tace)
J/—dx
o

(2.23)
Whare
Xrmax = W sin(¥Y=02)/(2 -cos(¥)) (2.28)
and
t(x) = cot(¥-8) + cot(s)
= x-a3in(¥)/(sin(s) sin(y=-A)) (2.27)

The results are given in Table 12 and are comparad to
the results obtained by using tavs as the rapresentative
value of t. Clearly there is no significant error in using
tave:. Howaver thers ia a significant savings in computer
time. Again the program simply finds a value of w such that
the givan‘DRF is obtained. Using tmee instaad of tauvs

gimply changes the valu® of w -- but not the resulting DRFa.




.T“-v L

TABLE 12

EFFECT GF USING Tauxs VS Tmer IN DETERMINING

THE DOSE REDUCTION FACTOR FOR VARYING ENERGIES

OVER A MEADOW LAND

S35

Energy DRF for DRF €or Percent
(KaV) trer tave differance
15000a. 2.832 9.828 D.41
18000. 2.833 9.831 @.35
8000. 2.834 9.832 2.31
&000. 2.834 0.831 20.26
5000. 2.833 9.831 9.24
4000. 2.832 2.838 9.19
J000. 2.826 9.825 9.15
2000. 2.817 2.814 2.687
1500. Q.8e9 2. 808 9.032
1000. 2.811 2.811 -0.0a5
809. 0.819 2.811 -0. 049
&00. 0.8C7 9.808 -0.13
400. 9.813 9.815 -0.25
J00. 0.817 Q.820 -0.40
- 200. 0.797 2.802 -0.62
150. @.793 8.799 -0.78
1@0. 0.745 9.748 -@.48
80. 2.78% 8.706 -3.0891
&0. 0.4665 Q.662 @.44
Q. 9. 4649 9.642 1.83
40. Q.4644 0.633 1.75
30. Q.647 9.631 2.48
20. Q.4675 Q. 4662 1.91
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2.6.3 Razulta of sroupd_raugbness_nodswl
Tha buildup factcrs and mass attanuaticn
conficiantas for concrata ara usad in the modal to raprasent
tha ground surfaca. The "ground factor" iz determined by
iturative means using the Finn-Simmons 1S-group, l-hour fast
fiassion delayed gamma ray spectrum which is raprosantative
of a typical bomb fallout apactrum [311.

Table 13 givaes the necassary valuss of d/w and w to
obtain the DRFa3 given in Table 9. Tha trough angle ¥ is
assumed to De 45 degraes.

0f courase, the ground roughness shielding factor cannot
be used directly cn the disk source kernel. First the total
buildup factors for both the direct and indiraect photcns‘
must be determined for the ground, outaide air, building
walls, and inside air az demonstrated in the ssction of this
papar on combining buildup factors. In thia section, tha2
building itself was laft out (a2xcapt where the
ingignificance of varying trough angles was discusmad)j only
attenuation by the ground and air was considerad. The total
effect of the ground factor on the attanuation providad by a
building will bme discumsed in Chapter I. A listing and
description of the program that finds the ground factor w is

given in Appendix A.
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TABLE 13

=7

SUGGESTED GROUND EFFECT DOSE REDUCTION FACTORS

Surface w d/w Y degrees
Smooth plane a. 1. 43.
Paved Areas Q.394 1. 45.
Lawns 2.370 @.95%9 45,
Gravellad Areas 7.468 2.897 43,
Plowed field 2%.821 2.839 45.

.........

-----
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Thz fallout sourca2 program modals a structur? as having
cylindrical walls and a flat roof. The arror in assuming

the building i3 round is amall and is not energy depandent

C ki

[32]1. The purpose is not to accurately predict the doas
reduction factor for any particular building, rather to
] pradict how uiat dose raduction factor will change with
sources of different enargies. The reference position is
taken as 1 metar off the floor in the cantar of the
structure. Infinity is takan as 12 mfps. Tha program was
tested to prove that the earror in only integrating to 12
mfps is less than 0.001%Z. The program does three
] integrations: One for the reference unprotactad sxposure;
one for the exposure from material deposited on the rcof;
and one for the exposure from material deposited on the

ground.

...........
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FIGURE 11 Qgometry of the Fallout Program_Model
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The point kaernel for exposure from a disk smourcae, as in
the casa of either tha roof, flocr, or ground (usae Figure
11), i3

G(r) = 8.5 k-3 r/(r= + a<) axp(-mfp) -dr (2.28)
whares “r'" {3 the incromental radius of the diskj
"a" is the length of the normal from the center
of the disk to the destactorg
"B" is the appropriate buildup factor for shield
(roof or wall: and air combinaed;
"k" ig the anergy dependant convergion constant
that converts "flux" to axposura}
and, "mfp" is the total number of mfps from the
ring of integration to the detactor.
The kernels are integratad using a form of Simpason’'s rule
using rinés of varying width to raduce computar time.

The program riquiras the input of the "equivalent
haight", "squivalant radius", wall mass thicknass, roof maas
thickness and the ground factors Y (degrees), d/w, and w as
discussed in section 2.46. Vaiuaes for the mass thicknass of
the walls and roof are given in the litarature ([(33]. The
mass thickness of lightly constructed, wood frame houses
varies from about 5 to 17 gr/cm® with a madian value of
about 1@ gr/cm=. For brick and block houses the mass
thickness varies from about 10 to 32 gr/cm® with a median of

about 22 gr/cm®. The mass thickness of a 1 foot thick

...............................................
Woe e T T A T i
............................

.....
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concrete wall {s about 61 gr/cm?. The squivalent height of
a structure may ba found vy intagrating the uncoilided gamma
photon path length over the structure’'s dimensions or
estimated for reasonably square structures by finding the
radius of a circle with an squivalent area as the structures
floor plan.

The program calculates the unprotected exposure, the
exposure from sources on the roof and the exposure from
sources on the ground. It then calculates the DRF for
source energies from 15 KeV. to 15 MeV. and for the RSS
PWR-2 Fallout, tha One Hour Weapon Fallout, the TMI Fallout,
and the SL-1 Fallout Spectra. Includaed in the ¢ tput is the
exposure that would be recesived from fallout internal to the
structure 1f the fallout was in the same concentration as
ocoutside the structure. The internal exposura assumes no
shielding. However internal fallout is not considered in
the calculation of the DRFs.

A listing and description of the Fallout program is
given in Appendix B. Table 14 gives a typical output from
the Fallout program. The results of the Fallout program

will be discussed in the next chapter.

........................
.................................

........................
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. . TABLE 14
: TYPICAL OQUTPUT OF FALLOUT PRCGBRAM
Saall ¥ood House on Lawn, 21 August 1984
*j ntagration to 12 WFPs in atr,
‘ Dataector in | astar adove sacoth plane
) Equivalent radius of structure = 3,239 aetary
Equivalent haight of strycture s 5,238 satars
Yall aass thickness = [9.330 gr/ca2
: Roof sass thickness = 15,388 gr/ca2
3 The Bround Factors arm
é The trough angle PS] » 45,0800 degrams
The charactoristic trough width W = 2,34698
The ratio of flat to trough D/¥ s AL
EiXa¥}  UNPROTECTED  ROOF BROUND  TOTAL £IP. RQOOF CONT,  DRF  RATIO TQ 1.12 Hr, INSIZE
"3 1,12 e 14,83 R 3,397 5,751 1399 4333 1,308 4,443
: RSS-Faliout 14,64 9198 3,782 6472 JAIN (4397 1,40 4,347
| TAI-Fallout 7.219 YT 2,560 an U536 ML 4R 2.1
- SLi-Fallout 7,134 078 2,409 3,207 J348 WA327 5293 2,178
- 12398.9 138.4 8,772 43,92 72,59 1208 S 1,152 19,23
K 10836, 8 10,9 6. 482 £6.77 5125 Jd27 3278 1,159 28.73
~y 5880.9 84,19 S.448 38.9¢ 4,43 1226 5277 1,159 24,19
4 o882 87,79 4,481 31,88 35,48 J248 5241 1,181 19.98
sitd. 59.49 3.8Mm2 .0 38.90 1233 5194 I 1.1
4380.0 .59 3,322 22.81 26,13 271 R EH 1134 14,75
Jaea.b 4,68 2,498 18.23 4.9 1298 3338 1,195 12,29
2003.2 31,83 2,01 13,23 15,28 1318 4826 1,360 9.384
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2.8 The Cloud Sourge Model

The cloud source program used here models the structure
as a hemisphare (see Figure 12). The exact height of the
reference position for this volume source is of little or no
consequance (541, Therefore the reference position is taken
as greound level., The basic source configuration is taken as
semi-infinite because the ground excludes its lower half.
Infinity is taken as 12 mfps. The program was tested to
prove that the arror in only integrating to 12 mfps is lass
than 0.01%. Thae error would be less than 0.0007% sxcept
that the buildup factors are large at large mfps. There are
no ground roughness or terrain effects for a cloud source.
The "Cloud" program (Appendix C) assumes the radioactive
material is uniformly diatributed in the cloud. This
agsumption may be ralaxed when the program is combined with
a dispersion model.

The point kernel for a hemispherical structure in a
sami-infinite uniformly distributed cloud source is

particularly simple:

O
E '/-k'Bconn-.Xp(-pru -mr)2.xc.r3/(4-c-r=) dr
Ja

(2.29)
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Which reduces to: oo
E = k/2 - axp(-mfpuw) - Beome - @xp (= - r) -dr
© (2.30)
The buildup factor has thraze rezgicns: (1) th2 air bastween
tha hamispherical cloud =zhall (3az Figura 12) and tna
building; (2) the structur® dome and; (3) tha intaricr air.
Thus as discussed in seciion 2.4, the combinad buildup
factor bDecomes:
Becoms = Bair(r) @ Bwacc (r + ) /Buacc ()
* Baralr + £ + 3,/ Bamlr + t). {(2.31)
FAare ety "er s 3nd "a" ropresant tha air betweaen tha
siructure® and the shell of intagration, the roof and walls,
and tha2 intarior air respaectively. Ba:r i3 tha buildup
factor for air and Buwarc is the buildup factor for the
walls. The thickness of the walls in mean frow paths ias
rzprasentad by mfpuw.

Equation 2.32 is intagrated using Simpson’'s rule. The
intagration is dore in regions varying from 2.2 mfp to 3.0
mfps in width to raduce computer time. The total
intagration error is laess than 8.981%. Table 13 givas

typical results for a structurs with an aquivalent radius of

S5 metars and walls 1@ gr/cm® thick.




Structure ]

Figure 12 (loud Exposurs Calculation Qecmetry,
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Burson and Profio prasanted data showing that for
lightly ccecnatructad wood frame housaes tha wall maszs
thicknass varies from about 5 to 17 gr/cm® with a median
valus of about 10 gr/cm®; and for brick and block houses
froem about 13 to 32 gr/cm® with a median value of abcut 22
gr/cm® [33], Thay also assumed that the roof and wall aro
of aqual thickness - which ze2ems reasonable for naw, anergy
efficirnt construction. Their data were used for their
ground source model, and shculd be valid for a cloud aocurce
also. However, estimates as low as 3.4 gr/cm?® appear in the
litzerature [561. The 10 gr/cm® figure was chosen as
reprasentative of small wood frame houses and 22 gr/cm=® as
reprosentative of brick faced houses. This discrepancy is
mentioned not to pass Jjudgment, but to explain why the
numbers arrived at harz may be differont than those baasad on
othaer works [37,Z8]. It i3 nct the purpcse of this paper to
calculate protection factoras, but to show haw they vary with
energy.

This paper is not the first to use a hemispherical
shell model to calculate protection factors for cloud
sources using point karnels [54]1. There are ssveral
important differences howaver. Firut of all, the mecdal uzed
here integrates to 12 mfps; the referenced modael only goes
to 3 mfps. For a disk source, 3 mfps might be far ancugh,

however with a volume scurce there is no {/R factor, thus I
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mfps excludes more than 5% of the source [exp(-3) = _04981].
When the high buildup factors from these distances are
included, the errcor becomes significant. Second, the
previcus model uses the buildup factors for water for the
walls, this model uses concrete. Third, the prsvious model
uses the linear formula for calculating the buildup factors
for the air outside the structure. As already discussed,
that formula is only good for thin shislds. Fourth, that
model multiplies the two buildup factors together, rather
than combining them - thus introducing a conservatism.
Fifth, the previcus model ignores buildup and attenuation by
air interior to the structure.

The hemispherical cloud model is wasily extsnded to
include cases where the cloud is limited in size, either in
height by an elevated inversion layer or similar atmospheric
ph-nomcnqn; or in radius as it might be if the structure
were near the source. In the first case, the integration is
carried out as with an infinite cloud, however those shells
[(see Figure 121 that are partially outside the height 1limit
are modified by a factor of h/r, where h is the height of
the top of the cloud, and r is the radius of the shell.

This factor gives tha fraction of the volume of the
hemispherical shell below the height of the inversion layer
(h). In the second case the integration is terminated at

the cloud’s radius. Both methods may be combined for clouds
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. with helighta that aras mor2 limitad than thair radii.

A daascripticn and program liating for this modal ia
: given in Appoandix C. Tabla 13 contains an axampla of a
3 typical program listing. The results of this program are
,:;j' given and discussed in the next chapter.
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TABLE 13

BEEULIE. QE_THE_CLOUR_BQURCE_MQREL

Typical 8aall ¥ood Frase Mouse in infinite cloud, 8 August 84

Integration to 12 NFPs in air,

Equivalent adius of structura s 5,308 seters
Nass thickness of walls o {0,008 gr/caee?
Naxiaus cloud height » seesaesssess geters
Maxinue cloud radiup = MM seters

EiKav) R/he/Cieal  Rine/Citad  R/Mr/Ciend
Unprotected Protacted froa int,

RES-CLOUD  340.6 ng 8.922
12 W, 8142 3.4 13,64
THI-CLOUD  184.3 .13 1.832
15884.0 JJ277E483 0626483 120.4
10004.9 1948, 393, 8,19
N ) 1144, L) [ 3.9
ML 5438, 4438, 3.8
qau. 4971, na, 32.92
Hn.0 3647, 299, 0827
UK. 2829, 2225, 37.45
AN 1939, 1483, 28,36
1540 1312, 112 3.3
1332.4 1328, 963.3 a.u
1173.0 1133, 02,2 19.24
1.0 989.4 M3 16,98
8.0 12 B 528, 1412
2.0 9.4 426.4 11,83
.0 581.2 2.2 18,81
=N 471.8 n. .
ina MR 7] 1,187
AN an.e 13,9 .20
n.i 187.8 §6.41 L.24
130.4 133.1 60,23 2.233
LN nn 9.5 1.428
8.8 "y tu 1.202
u.e s.n 3.993 1,243
5.0 4.1 1.967 1,383
n.a 36.79 1831 1,794
.0 26,43 ALBE-0Y 2817
a.l 1,28 JIBE-1T S
15.9 13.24 JH 1,899

IAf

S92
T3
3383
8312
8299
8267
0192
8120
0028
7864
7360
I8
7264
J183
J07
! M
78
378
404
B164
794
134
446!
320
2l b
4087
SN
+AIE-N2
JI339E-H
«0022E-135
N L]

R/R{RSE)

10wl
.82
JNU
1.204
feaf2
1,198
.187
147N
1183
1.139
1,898
ll.bs
1083
1,038
1,817
,9897
2683
5927
9278
M
8398
JA39
S454
h6b3
Rl
438
3974E-81
+7289€-02
«2239E-H
1162614
N

Exclusion
Factor
9768
9768
9486
. 9868
9882
9874
9847
9859
9849
A
L8l
9798
9784
M
.’756
9739
R 2A ]
9728
9710
5897
679
L9478
9642
548
9332
8280
. 38383
J93S3E-01
+1462E-03
+2949E-14
N 1]

69
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Whan radicactive matarials infiltrata into a structurn,
they contributa to tha axposure resceived by scmaone inside
the structure. If a passing radicactive cloud depositad
particulate material, then thers could ba two socurcass
intarior to a structure: the particulata matarial that i3
depositad on the floor of the structura and an intarior
cloud of gasaous mataerial.

Infiltration is the uncontrollad flow of air through a
building as opposed to ventilation which is controllad flow
(that is, it can be shut off). For a typical building,
infiltration causes from 0.5 to 2. air changss per hour
[59]. Infiltration is proportional to the indoor-outdoor
temperature differsnce and windspaed as well as being a
function of building conatruction and condition [59,631.

Therefore, thae rate of incresase of radicactive gasos
ingide a building is a function of weveral parameters in
addition of the outside concentration. However, unlass
radicactive decay is rapid, the inside concentration will be
aessentially equal to the outside concantration in a mannar
of minutes to at most a few hours.

The infiltration of particulate matter must alao be
considered. It has baen shown that the amount of
particulate matter in a building is roughly the same as

outside the building [461]1. However that work did not
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determine how much of the particulate matter came from the
outdoor snvironment. The amount coming from the outside may
be very small. It was shown by measursmants taken after the
1957 Windscale incident that "the deposition within a
building of iodine . . . from a cloud passing around it is
generally only | or 2 percent nf the deoosition on the
surrounding ground" [&2].

The remainder of this section deals with the exposure
receivaed from sources inside a building that are of the same
concentration as outside. True exposure rates can be found
from these data by calculating the actual interior

concentrations from infiltration data.
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2.9.1 Iptaricr Fallout
The Fallout mcdel alao calculataa thae axposura

racaivad from a fallout sourcae intarior to a atructura. It
aszssumes that the concemntration of daposited matarial i3 the
sam® as that exterior to the structure. The program allows
no shielding for the intaricr source. Tha exposure is
calculated using ¢the sama routine as for the infinita
unshia2ldad zmooth plane scurce that ig used as the standard
for calculating DRFs. TE- only diffaronce is that the
scurce is limited to the intarior radius of the structure.
Figure 13 gives the ratio of the exposurs received from
interior fallout to tha sum of the exposure from both
interior and exterior fallout, assuming that tha
concentrations are the same for both. When this ratio is
equal to 1.0, all the sxposure is from the intarior fallout.
When it is squal to 3., all the sxposure is from extarnal
sourcas.

As shown in Figure 13, if intarior fallout is of tha
same order of magnitude as nxturibr fallout, it i3 always
important. Below approximatasly 120 KeV, interior fallout

can account for nearly all tha sxposuras.

......
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2.9.2 Ipterior Cloud
The Cloud model also calculates tha eaxposure
raceivad frem a cloud sourcz2 intarior to a atructur». It
al 30 assumas that thao concantraticn in tne intericr clcoud i3
the came as that of the oxtarior cloud. Tha2 intarior clcoud
is also used to calculatae tha "exclusion factor” which is
useful in determining the importance of infiltration to the
total dose rzcaivad. Tha2 axcluasicn factor i3 duefined as tha
ratioc of tha exposurae from the extaricor cloud to thae zum of
the exposures from thé interior and axtarior clouds. An
axclusion factor of 1| m@ans the interior cloud contributas
nothing to tha total axpcsure. A very small exclusion
factor means nearly all the exposure comas from the intarnal
source. Figure 14 shows the value of one minus the
exclusion factor as the source energy varies. One minus the
exclusion factor is the ratio of the exposure from tha
intarior cloud to the total exposurse.
As the aenergQy of tha source photons decrease so dowrs
their mfp. Thus, at low anergies the intarior source is
vary important, but at higher snergias it is always

insignificant as shown in Figure 14.
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CHAPTZR III

RESULTS

Tha rasuiuvs that follow hava baen obtainaed from tha
programs that ara decumentad #n the Appandixead. Thay arw
not tha only rosults that can be obtainad. Tha programs ara
designed to allow a vary wide range of input data. Tha
Fallout and Cloud programas are intandad to provide DRFs that
can be used as ratios to translate known DRFs to naw
aspectra. If a particular structure had a known DRF for tha
1-hr. bomb spectra but, for axample the DRF was needed +for
the TMI spectra; similar structure dimensions should be used
as input to the progr;ms. The results would irclude a 1-hr.
bemb spectra and a TMI spectra valus. Tha ratio of these
two values should be multiplied by the known valua to cbtain
the required DRF for the structure. Howaver, tha results
found by the programs are very close, often within 1
percent, to the values found for similar structuras in the
literature. Thersfore the results reported here do not
include any such translaticns. DRFs for othar spectra can

be chtained from the vaiues for specific energies that ara
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given as part of the program outputs.

In order to compare rasults for specific structure
types, the following structures are defined from values
found in the literature (551, A "small wood house" has a
roof and walls of 18 gr/cm® mass thickness and a S m.
aquivalent radius and height t(about 1000 sq. ft. of floor
area). A "large brick house" has 22 gr/cm® walls and a 22
gr/cm® roof with a 10 m. esquivalent radius (about 3200 sq.
ft.). A "Small Block House" is 1| meter in radius, 2 meters
high and has 1 foot thick concrote walls. The "thin walled
house” has walls of 3.4 gr/cm® mass thickness. The “thin
walled house” is included to allow comparison with values
found in the literature [(54,57,58) as discussed in Section
2.8.

The ground roughness surface typss use the parameter

values reported in Table 13.
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3.2 Effsct_of CGraund Raughnasa

Bround roughness factors aras used in the current
ahi=zlding litarature as multipliars for DRFa found for
structures alcne. Howevaer, bacause the ground roughnase
changes the spactra of tha fallout radiaticn sourcae, and
further bdocausm the change in the spectra ias anergy
depandant, the ground roughnass factor cannot be separatad
from the total DRF, axcapt for apacific spaectra. 1In ordar
to swe thae anarqgy dapandent natura of the ground roughness
factors, the CRFs cbtairned for a structure surrounded by a
particular ground typa can be divided by the DRFs cbtained
for the sams structurs surroundad by the hypothetical
infinite smocth plane. Figure 135 abows the affasct of
Ground Roughnass on the axposura inside» a small wood framed
hcuse. The figure rapraszsnts the ratio of thn DRF found for
the housa, with the ground taken into account, to the DRF
found for the same houss over a smcoth plane. Thus thae
plotted raault is ths DRF associatad witn the ground affect
in tha way it is usuélly uszd, that 19 to multiply the DRF
found for thae structure itasslf. Figure 146 does the 3ame for
a large brick house.

Tha Lawn, Gravel, anc Plowad Fiald would giva DRFs of
2.88, 0.783 and 0.40 respactively 1f found “or an infinite

plane with no structure present. With a structure present,

the DRFs are smaller (the offect graater) for -nardins above
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23 KaV for ¢ cmall wood housa and 3D KaV for a larga brick
housa2. Th? DRF3 ara snallor bocause thz structur2 walls
orovido graater attenuaticn for tho photons that have loat
snwrgy in interactions with the ground., Below tha 390 and S0
KaV energies, the mfps of the gammas ara s0 short that the

ground plays almost no role in the shizalding.
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FIGURE 16 Tha Effactive Epergy Depandant Ground Roughnmss
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3.3 Effrct of _30lldipg Size cn_Fallout Exsposuras
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Figur2 17 ahows tho anargy dapandeant DRFa for "zmall
wood houses", "largaz brick housss", and "small block
houses."” For a small wood house on a lawn, the DRF is
nearly constant for anargies gresater than I20 KeV. Below 40
KaV, the DRFsg (and therzfore the doses) are near zaroc. With
the large brick house and thae "block" house, tha DRFs
increase nearly linwarly with the logarithm of energy over a
wide energy range.

Figuras 18 and 19 demonstrate the affect of increasing
structure dimensions. Figure 18 shows the effect of
increasing tho building ziza (effactive radiuas) for a wood
structure. A Jdoubling of the building radius resduces the
DRFs by about 22% uniformly for all enargies. Thims iws
because increasing the building size sffectively ramoves
part of the source. Figure 19 shows the effect of
increasing tha wall thicknass for a small house., Note the
sharp drop in the DRFs at lower energies and with increasing
wall thickness. Tha effect of increasing the wall thickness

is much more energy dependent than increasing building size.
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3.4 Effxcta_ogf Cloud Zcurcns
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Tha effective DRF vs. Enargy curve for four differont
structures is given in Figure Z23. Tha rasults of incraazing
the building size ara proncuncad. Figura 21 shows tha
effect of increasing wall thickness cn the DRF for an
infinite cloud sourca. Tha affsct is nearly the samae as
a@en in Figure 23, Figure 22 shows that affact of
increasing the duilding effective radius for a structure is
vary small. This is due to th2 nature of a spherical
scurce, which has no "1/R" depandance.

Figures 23 and 24 demonstrate the effect of limiting
the cloud size. Limitad cloud size has vary littla effect
on the DRFs. However, whila the DRFs ara not effaectaed, tha
doses are greatly effected as shown in Figure 25. Tha
karnel plottad in Figura 25 includass the axposures rata tzrm,
which is snergy depandant. The sffect of limiting the cloud
size is to raduca the number of highar snergy gamma photons
that can reach the structure. Both the protected and

unprotectad exposures are limited in Figures 2T and 24.
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Tha contributiona of thiz discartation to tha currant
litorature coma in throe waysr firat, in thn quontions it
anawera; second, in tha models devaelopeuwy and third, in the
results of the models.

The primary rasult of this work is its ancswaring of tha
quastion, "Can the DRFs found for cno spactra be uaed for
cases involving other aspectra without serious a=ror?"

The Reactor Safety Study assumed a DRF of 0.33 for all
photons from all isotopaes eithor from cloud or fallout
sourcas [&3]. The raesults raportad haere claarily show that
this assumpticn is not strictly in accordance with roality.
Other works hava usad the DRFas found for weapon fallout to
pradict the outcome cof a r2actor accidant (8,9,18,i11. In
all these works, tha underlying assumption was that thair
numbars were "conservative", This work can be umed to prove
or diasprove those assumptions and make the results closer to
reality.

Table 14 givas DRFs found for fallout using tha model
Jjust prasented. Table 17 doess the same for cloud sourcas.
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TABLE 16

DRFa FOR FALLOUT SPECTRA
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Spactra gtructura DRF
T T1. Hr Fallout " "Gmall House on Lawn TTTTTRLass
PWR=-2 (RSS) 9. 4356
TMI - Fallout D.432
SL-1 - Fallout 2.4
1. Hr Large House on Lawn 2.124
PWR-2 B.192
TMI 2.123
SL-1 P.125
1. Hr Small Block House/graval 2.927
PWR-2 3.285
T™I P.0221
8L-1 3.022
1. Hr Small house/ smooth plane 2.411
PWR-2 B3.619
TMI 2,388
SL-1 0.589
1. Hr Large House/ plowed Fimld 0.144
PWR-2 P.149
TMI 2.102
SL-1 2.103

i o —— " " — - -
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TABLE 17

DRFs FOR CLCUD EBPECTRA
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Epactra Structure DRF
T TTPWR-2 (cloud)  Small Wood Housa | @.69@

TMI (cloud) <. 536
PWR=-2 Large Brick Houzo 0.442
™I D. 253
FPHR=2 Small "3lock Houaa" P.128
™I 2,036
PWR-2 Small "Thin Wallad Houas" 2.871
T™I 2.8028
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Tha dacade old quastion, "Iz the DRF for a PWR-2 avent
approximatzly aqual to that of fallout from an ‘atomic
bomb’'?", i3 answerad - yas'! That was a gcod assumptiocn.
This answar may seam & bit surprising until the definition
of a PWR-2 event is recalled. A PWR-2 event (see tha
introduction) involves the sudden ralcase of a significant
amount of cora matarial without dacay time (141,

The DRFa3 for accidents that have happened (SL-1 and
TMI) are smaller than those of a PWR-2 avent. Thia ia
aspecially the case for large buildings with thick walls.
This is bacause mcst of the radicactive matarial raelecasaed
eonsisted of Xe~133 which has a 81 KaV photon that is
comparatively sasy to attanuate.

It i3 not a unique observation that large buildings
attenuate photons more than small buildings, however tha
magnitude and enarqgy daependenca of the diffeorences is
unique. The values given hers can influsncey deciasions
concarning whare to seak shelter and whan to avacuata. Tha
values found here can be extandaead to vehicles also. A
vehicle has very little matorial for shielding (about 2
gr/cm®) [11] and a very high infiltration rate {about 18 air
changes every hour at low speeds) [(54]. Therefore, if the
public iz evacuated while a radicactive cloud is passing,

they may raceive a much highaer dose than if they sought

shelter. This work should influence that dacision. In a
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particular situation, for oxamplae, this work would talp show
that it may b2 zatar to aaek shaltuer in a larga oftico
building or factory that i3 near by than it i3 to attompt to
aviacuatz on a crowded highway.

Thera were cther important contributions made during
the davelopmant of this work. First, there is now a simple,
23sily undoratoeca mathod for accurataly comblinicmg builduon
factors ir multi-ragion prublemas that werks for all
raasonable gamma enargies. Pravious methcds were either
bazaed upon conaservatism rathaer tnan accuracy, or had a
narrow range of anargias for which thoey ware applicabla.

Sacond, thare is now a model for datermining the
shielding 2ffect of ground roughnesas that iz applicablay to
all spactra. Pravious mocdals wara only applicabla to a
particular spactrum.

Third, thara2 is now a modal #for detarmining tha change
in ahialding factors with zhanging sourca anergy for a
particular shiald. PFrevicusly, sach naw sourc2 required the
2ntire shizlding problem to be re-solvad, now tha prcblam
needs to be zolved only onca -- and tha results for all
unargies can ba datarmined.

The rasults reportad in this work, and tha mathods
prasented for axtending them to othar situationg are also

vary important contributions.
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It was not kncwn that the ground roughnass factor was
233antially enargy indapaendant abovae 220 K2V (se2e Figuras 15
and 14).

I+ was not known how the DRFs providad by atructuras
for fallout varied with anergy -— it was not known, for
instance, that above 200 KeV tha DRF for a small house is
2ssentially constant, but below 53 KaV it i3 essontially
zaro (sma Figure 17). It was not known that the DRF for a
large house varinss scmewhat linasarly with the logarithm of
a2nergy over a large ensrgy range.

It was not raported that the DRF of a atructure in a
zloud aource was sssentially independent of the building’'s
size (@ffective radius). It was not resportad that the DRFs
for a cloud source were essentially indzpendsnt of any
limitations on the clouds height or radius. That is, thea
same DRFs can bas used durind inversions or vary close to tha
point of rel2ase, and during all stability conditiona
(provided the clouds radioactiva composition ramains
uniform) that are used for infinite clouds.

The ralative importance of intarior fallout and cloud
sources as a function of energy was not known. It ia now
known that for a large house, at snergies below about 100
KaV sssentially all the dose from fallout could come from
dirt that infiltrates into the housa, rather than from

exterior fallout (see Figure 13). It was not reportad that
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intorior clouds ar2 unimportant in small housas for nearly
all on2rgies excapt brlow about 72 KoV (322 Figurz 14).

In summary, a model for the protzction providaed by
structuras, such as homes, against relizases of airborne
radioactiva materials, as a function of tha gamma energy
spactrum of tha raleassd matarial haas bzen davelopsd and

avaluatad -- thit was th2 objzctive of thiz reanarch.




CHAPTER V

RECOMMENDATIONS

This model is but a part of a larger work which should
b3 complataed and ahould includa a diaparsion model, an
avacuatiaon modal and an infiltration modal (sa® Figure 1).
The data derived from this model should then be uzad to
pradict the axposure the public could expect to receive from
a releass of radicactive material of any kind. Thias should
be done on a real time basis as outlined in the intreduction
50 that informed decisions can bae made regarding svacuating
or sheltering the public in order to reduce exposure and
injury. |

A aimpla method cf maasuring the affactive mass
thickness of the walls of oxisting structuras should be
doveloped to allow rapid survaeying of pcpulated areas where
radicactive releases are most likaly o happen.

A Monte-Carlo study should be conducted to detzrmine
the exact accuracy and limits of applicability with reqgard
to varying Z number and enargy of the method presented here

for combining buildup factors in multi-region problams.
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APPENDIX A

GROUND FACTUR PRCGRAM DESCRIPTION AND LISTING

The Ground Factor program calculatea tha valua of the
trough width w (3ae Secticn 2.6.2) that givaes a known CRF
for a specified spectra. Tha ratio d/w and tha angle must
also be specified (see Equations 2.19 and 2.29). Tha valug
of w found is required as input to the Fallout program.

When the Ground Factor program is run, it will ask for
input data as shown in Figure 24. Aftar asking for a title
and date for the output listing, the program asks for a
"Radius to the inside of an infinite disk in metars.” This
value is normally zero, indicating intasgration over an
infinite plane.,. A value othar than zero can be used to
study the effect of a cantral void in tha source, such as
that caused by a house. The naxt question askad iz "Do you
wiah to calculate & TERRAIN FACTCR from a known DRF?".
Normally the answer should be yas (y). Tha no (n) opticn
allows a quick listing of the output for a known value of w.
Only a'"ycs" will calculataes w. The program can presently
find w for values of the DRF found for the Cs-137, Co-40,
PWR-2, and 1-Hr bomb fallout spectra. After choosing the
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prepar spoectra, you must inout tha given DRF, d/w and Y.
Th2 program then itorativz2ly finds w and givaes the resultant
RFE'3 for enargias frem 15 K3V to 15 MzV oand for thoe PRR-2
and 1-Hr bemb fallout spoctra as shown in Table 18, The
program rafers to w as the "terrain factor” and V’aa
"theta".

Th2 pregram is written in Micrzagft FCRTRAN 3.13. This
i3 a vzrsion of FCRTRAN 77. Thoerz are no nen-standard
FORTRAN commands in thw2 program. Th2 program was run on a
spa3_Instrumenti Prefeasicnal_Computar (PC) which uses an
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run under the MS-DOS 2.11 cpesrating system. Howaver, it
should run cn any computer capable of uging FCRTRAN 77. The
program takes approximataly 38 minutes running time.

Caution, thea program is writtan iz FCRTRAN, the input
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INFUT TITLE/DATE OF QUTFUT

Tese »cor lemonstraticn. 1¢ Sept 1684

INF T RADIUS TO INSIDE OF INF ISy IN METERS 5.

U0 scu wish to Caltu.ete a "ERRAIN FACTOR 4rcm a bncwn [FFT
Chazce the spectrum fros which ,our 54F wae ppta;ned:
Ce-177 (anput
Cc-e@ linput 23
Regctce Satet, Study linput )
1.12 nr Boeb Jeposition (inp.t 4)
Otrer -jimit Z0 groups (input S1 7 4
[nput giver DRF .8
lezot grven D neer w929
Input given theta 45,

4
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FIBURE 26 Typical Computer GRT Dispiay During Initiation_of

Bround _Factor Program,



Twovﬁﬁg

Lawn.

e s e

15 Sazt, IS8

_CHTRUT GE

lategratico to i2 WFPe 1n air,
Detector 15 | seter above £820th plane

Radius to inside of disk in infimite plare =

Terrain factor =

That

Eixe
1532

3

i

KED R

1282

EREAD
£338.

T3

U

<22,
SELR
229,
1542,

19A

ks

O

1229,

e,

L

Clae

588,
L3
L
2.
“n
158,
1ee.

23,48

8.2
8.2
43,
M N

8.
3
2

G2 v W C OB o Cw

2
a2
2
8
it
id
o2

i8.22

a8
3’
2
e
22

a2

g2

20,882

5.2
kSS

1,12 Adr.

(1.

3 A0 O X
- - m
3
E
= X
wr Wor

4~

(S TN N6 T S B N )
~d o~y ) LU O D s
O L4 O e g U

o O O ) e Cd am T

-~

C4oLn (O p3 O on

en
Fs

L5683

4 4 B3 PRI PR3 e RO PD F) B F PO P D Y

N A
o
o
o
F-

26711

]/

LIRS ]
PO )

Terrain Factor calculated froa $.12 Hr,
Y aver W iratio af flat surfaze to groave!
4 samtooth anglel =

br/lind
135,44
184,89
24,189
57,657
£9.487
<8.588
41,299
1,828
26,982
22048
.82
18,744
15,152
12,758
1.

& 117

ewud

4
-y ol T

e 0
[N

e
0 O
o o orm T

e e Kad o B
= 3 T T

.&23ed
.goede
23220
Iy
HREEERINE

CLUD_ERGTITR_PROTR

23D agters

<3
&
L I S B

.

n O o O ¢
3o

IS R R I g |

. e
B e I Y
- - rD LN 1D O Y

- ) D e e m e e g e e
o~

125,41
59.878
HEESERERES
1400

TERR

trus, Biven

,,.,

z .£328

BIK WERNAL

rETA
CYdve

1.0497
AR
Y
Y'I’b
L2912
2. .Oré
LY E]
2009
el
L1974
2.4728
2.1578
21814
2.1432
2,048
2. 1425
2.1
2.2782
2,247
21597
2
2
2
I
!

2,150

g
82214
.87497
.B2597
L8288
82452
82405
81911
JBlls
L08e

B34

AN

38457
.8p4¢7
Ue"‘:

8028

LERSHE

N:EET

21778

79429

RLITH

473

69957
L5444
NN

62787

(82770

65371

e
7368
.gees

117




ra
[y
{

The MAIN praogram dirzscts tha input and ocutput of the
prcgram data. Subroutine SIMPS carrias cut th» intogrations
by using Simpson’s rul=, Tha nunber of incramants i3
automatically increzas=d until the desired accuracy is
cbtained. Subroutine PROTECT speeds the intagration of the
disk source by dividing the disk into rings which converge
to intagrals faster. Function DISK finds tha kornel for thw
hypothetical infinita smooth disk scurce. Function GRCUMD
calculatas the karnel for the fallcut uzsing the methds
doavalopad in Ssction 2.6.2.

Function AMU firds the mass attenuation coaficisnt for
air. Function BUF finds the buildup faclior for air.
Function MUCCNC finds the mass attenuati.on coeficiant for
the ground. Function BCCONC finds the buildup factor for the
ground., Function ROENTG finds the factor tor converting
flux to axposure.

The listing of the Bround Factor program follows.
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PROGRAM GRDFCT

CHARACTER CTITLE®¥116,YORN#!
INTZGER IN, OUT
REAL E(23), MU, MFP{, LININT
REAL EGROUP (23,41, FRACT(28,4)
c EXTERNAL DISK, GROUND
COMMON /ENERGY/ EKEV, MU, BU, W,THETA,DOVERM
COMMON /INOUT/ IN, OUT
COMMON /0LDJ/ EOLD, JOLD
COMMON /0LDJ2/ EOLD2, JOLDZ
COMMON /FLAG/ RMAX
COMMON/KERNAL/TOTKRN, TOTDOS, TDIRT MFP1, D2, RY
Crrrnn~ NOTE RADII ARE IN METERS, ENERGIES IN KeV, DENSITIES IN gr/cm#2
c
DATA E/15.,23.,30.,42.,50.,40.,80.,100.,150.,280.,320.,
! 420.,52Q,,580.,6¢2,,698,,1000.,1173,,1332.,1502.,
2 2200.,3020.,422%.,5029.,6000.,8000.,18602,,15200./
DATA EGROUP /661.443,19%@.,1173.2,1332.5,18+0.,
{1 83,,323.,753.,1520.,2539.,15+02.,
2 25.,75.,150.,250.,350.,520.,720.,509.,1145,,
3 1580.,1832.,2259.,2753.,3500,,4500, ,5#0. /
DATA FRACT /1.,19#2.,
! 1.,1.,18+0,,
2 .1696,.2431,,2760,,2183,.2933,15¢2.,
3 .0271,.0137,.0737,.0476,.0929,.1373,.1717,.1627,
4 .2889,.0957,.3299,.0397,.0148,.0042,,0001,5+0,/
Casxvsss LINEAR INTERPCLATION FUNCTION
LININTOX,XE,X2,Y1,Y2) = (Y2=Y1)#(X-X1)/(X2=X1) + Yi
CAANAAAAAATTEMPT TO CONTROL PRINTER FROM FORTRAN TO COMPRESS PRINT
OPEN (1,FILE='LPT1',STATUS='NEW',ACCESS='DIRECT"
! ,FORM='UNFORMATTED' ,RECL=1)
NRITE (1)27,15
CLOSE (1)
OPEN1,FILE="LPTL")
c
CRASERRREBRERABEL FHEBRERARERR LR BB R RS RFRERRABAREFRE SRR RERFERER
C*E*i*******i*#*INPUT TITLE FOR EACH LISTING******************‘l****
897 FORMAT!{H®,32X, 'SEMI-INFINITE DISK SOURCE IN AIR’,
! * WITH NEW GROUND FACTOR USING Tave. 13 JULY 1984°)
CHERERERIL ISR AR RRLERRRR IR PR R R AR BN AR R AR RRFRREERERBFRRRRERRERRR RN
OPEN(1,FILE="LPTL")
C
OuT = 1
EOLD = 2.8
EOLD2 = 2.0
IN = 0
NSPEC = @
Ry S R R A R A R R R AR R R R R R R Rt A e AR AR R R AR Y e R R YA AR XA
WRITE (#,290)
29@ FORMAT(LX, INPUT TITLE/DATE OF OUTPUT')
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READ(#,291)CTITLE
291 FORMAT(A116)
292 FORMAT(IHQ,13X,A116)

WRITE(QUT,827)
WRITE(OUT,292)CTITLE
WRITE(OUT,808)
WNRITE(OUT,B804)
300 WRITE(#,301)
301 FORMAT(1X, INPUT RADIUS TO INSIDE OF INF DISK IN METERS ' ,\)
302 READ (#,323) RR!
303 FORMATI(F13.5)
R Ry Yy Ry N Ty Ry Y PR R R R SRR S T D)
Crxx##ROUTINE FOR FINDING TERRAIN FROM KNOWN SPECTRA
Ca NN AR R RN E R RN R RN R RN R R E R R R RN AR RN R R R RN R LR R N AR
729 WRITE(*,738)
730 FORMAT(1X, 'Do you wish to calculate a TERRAIN FACTOR ',
{ "from a known DRF? (y or n)',\}
READ(#,731) YORN
731 FORMATI(AI)
IF(YORN.EQ. 'Y '.OR.,YORN.EQ.'y') THEN

G070 75@
ELSEIF(YORN.EQ. "N'.OR.YORN.EQ@.'n") THEN
GOTO 722
ELSE
6OTO 729
ENDIF
T8 W TTE #,732)
73?2 FURNHATIY, "Choose the spectrum from which your DRF was optained:’
| A Cs5-137 linput 11',/," Co-6@ linput 21,7/,
2 Rsactor Safetry Study [linput 31,7/,
3 1,12 Hr. Bomb deposition [input 4]',/,
4 Ather ~limit 208 groups [input 51 7 ',\)

REM (-, 733)NSPEC
737 FORMAI(IY)
IF(NSPEC.GE.!.AND,NSPEC.LE.S) GOTO 734
GOTO 750
734 IF(NSPEC.LE.4) GOTO 742
WRITE (#,799)
799 FORMAT(1X, 'THIS FEATURE IS NOT IMPLEMENTED YET - TRY AGAIN")
6070 750
768 CONTINUE
735 WRITE(#,734)
736 FORMAT(1X, 'Input given DRF ',\)
READ (#,3B83)GIVEN
722 WRITE(%,7b44)
766 FORMAT({X, 'Input given D over W ',\)
READ (#,303) DOVERW
WRITE(#,7567)
767 FORMAT(1X, 'Input given theta ’',\)
READ (#,303) THETA
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IF (YORN.EG. ‘N',OR.YORN.EQ, 'n’) G6OTO 72!
RI = 0,
N3 = D
GUESS! = 1.
Wl o= 0.
N2 = 2,0
W3 = W2
702 CONTINUE
SUMDEN = @,
SUMNOM = 0.
W= W3
WRITE (%,777)4,6UE3S2
777 FORMAT(IH ,/,' GUESS= ',G14.7,
2 ' PROTECTION FACTOR = ',G14.7)
D0 781 IEKEYV = 1,20
EKEV = EGROUP (IEKEV,NGPEC)
FRCT = FRACT(IEKEV,NSPEC)
RMAX = 1,EB
Lmmmmm RESET RMAX IN FLAG EACH TIME ENERGY 1S CHANGED
IF(FRCT.EQ. @) GOTO 701
WRITE (#,804) EKEY
C-mnm- LET YOU KNOW PRUGRAM IS RUNNING
CALL PROTECT(DRF)
WRITE(#,702) DRF
SUMDEN = SUMDEN + TOTKRN # FRCT
SUMNOM = SUMNOM + TDIRT * FRCT
782 FORMAT(1X,'PF = ',G14,7,\)
701 CONTINUE
IF(N3.EQ. @) THEN
GUESS2 = SUMNOM/SUMDEN
N3 = |
W3 = LININT(GIVEN,GUESS!,GUESS2, W1, W2)
5070 729
ELSE
GUESS3 = SUMNOM/SUMDEN
ENDIF
IF (ABS (GUESS3~BIVEN),LT.1,E~4) GOTO 720
GUESS! = GUESS?2
GUESS2 = GUESS3
Wl = W2
N2 = W3
W3 = LININT(GIVEN,GUESS!,BUESS2,W1,W2)
GOTO 700
720 CONTINUE
WRITE(#,777)W,GUESSS
721  CONTINUE
CRAIGERRBRBRARRRIBRRARERREAER AR REBRRERRERRRRRIRRRRRERRL AR RRERFRRERRR RN
IF(YORN.ER. "Y', OR.YORN.EQ. 'y’) GOTO 740
WRITE (#,304)
READ (#,3083) W
304 FORMAT(1X, INPUT TERRAIN FACTOR ‘,\)
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CONTINUE

R1 = RR1
WRITE(OUT,8289)R
WRITE(OUT,B20)W
[F (NSPEC.EQ. Q)
IF (NSPEC.EG. 1)
IF (NSPEC.ER.2)
IF{NSPEC.EQ.3)
IF(NSP r . ED.4)
IF{NSPEC.EQ.S)
WRITE(QUT,797)
WRITE(OUT,798)

!

WRITE(OUT,791)
WRITE (QUT,792)
WRITE(QUT,793)
WRITE(OUT,794)
WRITE (OUT,795)
WRITE(OUT,796)
DOVERW

THETA

IERRIPEIC RS I IRV Atk SR UK IR a0
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GIVEN
GIVEN
GIVEN
GIVEN

FORMAT (14X, 'Terrain Factor given as input’)
FORMAT (16X, 'Terrain Factor calculated from Cs-137 spaectrum. ',

Given = ' F

18.4)

FORMAT (14X, ‘Terrain Factor calculated from Co-68 spectrum.’,

Given = ' ,F

1. 4)

FORMAT (16X, 'Terrain Factor calculated from RSS spectrum.’,

Given = ' ,F

13.4)

FORMAT(16X, ‘Terrain Factor calculated from {.12 Hr. ',

trum, Given = ',F13.4)

FORMAT (14X, ‘'Tarrain Factor calculated from given spectrum’)
FORMAT (14X, 'Theta (ground sawtooth angle) = ' ,F10.4,' degraes’)
FORMAT(16X,'D over W (ratio of flat surface to groove) = ',

" fallout spec

F10.4)
CONTINUE
WRITE(QUT,803)

C R LA AN A AN AN RN AN AU RN A AN AR AR AU AR AR AR A RAR A RAA
CA%%%% ROUTINE FOR GENERATING ENERGY/DRF TABLE
Ny N A AN R Y R Y Y N Y Y2 Y Y Y Y I Y Y Y Y Y A A A A A X )

1
Bot
800

DO 80@! IEKEV
EKEV = E(IEKEV
WRITE(*,808) EK

FORMAT (1Y, 'E(KeV) = ",613.5,\)

RMAX = 1.EB

= 28,1,-!
)
EV

RESET RMAX IN FLAG EACH TIME ENERGY IS CHANGED
LET YOU KNCW PROGRAM IS RUNNING

CALL PROTECT(DRF)
WRITE(DUT,B802) EKEV,TOTKRN,TOTDOS,MFP1,D2,

TDIRT,DRF
CONTINUE
CONTINUE

CeaneaseenengnnggeeeeeaeranQIgeasseageqeaeeaeaanageanaaeqspagaceace
gCeeeae ROUTINE TO FIND DRFS FOR SPECTRA
DO 5¢@ NSPEC = 3,4

SUMDEN = 0,
SUMNOM = Q.
SUMDOS = Q.

DO 5281 IEKEV = 1,20

EKEV = EGROUP(
RMAX = 1,EB

IEKEV,NSPEC)
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-RESET RMAX IN FLAG EACH TIME ENERGY IS CHANGED

FRCT = FRACT(IEKEV,NSPEC)

IF(FRCT,.EQ.2) 5GTO0 591

WRITE (#,806) EKEV

-LET YOU KNOW PROGRAM IS RUNNING

CALL PROTECT(DRF)
WRITE (¥,702) DRF

SUMDEN = SUMDEN + TOTKRN # FRCT

SUMNOM = SUMNOM + TDIRT * FRCT

SUMDOS = SUMDOS + TOTDOS * FRCT

CONTINUE

DRF = SUMNOM/SUMDEN
IF(NSPEC.EQ.4)HRITE(OUT,535) SUMDEN, SUMDOS, SUMNOM, DRF
IF(NSPEC.EQ.3)WRITE(OUT,518) SUHVEN,SUMDOS, SUMNOM, DRF
FORMAT (1X, 15X, " 1.12 Hr. ' 5%, 2(G10.5,3X), ‘#aexxntrae’ 3X,

I ‘xswsrrxars’ 3%,618.5,6X,612.5)

FORMAT(1X,15X, 'RSS TG 2(610.5,3X), errrrknsar’ TX,
I "#esaerxarr’ 3X,610,5,6(,610.5)
CONTINUE

FORMAT(1X,15X,6(G12.5,3X),3%X,610.5)

FORMAT (1HQ, 13X, "E(KaV) ', 68X,

{ * KERNAL',6X,'R/hr/Ci#m2",4X,

2 ' MFP1’',4%,'D2 (meters) ,2X, TERRAIN KERMAL',9X, 'DRF")
FORMAT(IHQ,18X, Integration to {2 MFPs in air.")

FORMAT (16X, 'Radius to inside of disk in infinite plang = '

1 F9.3,' meters’)

FORMAT (146X, 'Detector is | meter above smocoth plane’)
FORMAT (146X, "Terrain factor = ',F12,4)

§TQP

END

SUBROUTINE PROTECT (DRF)

REAL TOLER(12),DMFP(12),KERN,MY

EXTERNAL DISK,GROUND
COMMON/ENERGY/EKEV, MU, BU, 4, THETA, DOVERW
COMMON/KERNAL /TOTKRN,TOTDOS, TDIRT, XXJM1,D2,R}
DATA TOLER/!.E-4,1.E-4,1,E~4,1.E~4,1.E~4,1,E~4,
! 1.E-4,1.E-4,1,E=3,1.E-2/

DATA DMFP/,083,.01,.85,:1,.2,.8,1.,2.,5.,12./

~RHO = DENSITY OF AIR AT STP 8.001293 gm/cm#+3

RHO = 2.0801293
AMUEKYV = AMU(EKEV)
MU = AMUEKV # RHO

TOTDOS = @,

TOTKRN = 8,

TDIRT = @,

Ni=Q

N2=0

XDOSE = ROENTG(EKEY)
DO 883 J = 1,10

DISTANCES ARE IN METERS, MU IN INVERSE CENTIMETERS, XJ IS IN MFPS
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XJ = DMFP(J)
TOL = TOLER(J)

IF R1 15 GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
XJM1 = Rl # MU * 120.
IF(XJ,LE.XJM1) GOTO 305
NI = NI + 1
D2 = YJ/MU/100.

IF(N1.EQ.1) THEN
XXIM1 = XIMI
ELSE
XIM1 = DMFP(J-1)
END IF
DI = XJM1/MU/108.
CALL SIMPS(D1,D2,TOL,KERN,DISK)
DS = XDOSE # KERN
TOTKRN = TOTKRN + KERN
TOTDOS = TOTDOS + DS
CALL SIMPS(D1,D2,TOL,DIRT,GROUND)
TDIRT = TDIRT + DIRT
CONTINUE
DRF = TDIRT/TOTKRN
END

FUNCTION GROUND(R)
##% POINT KERNAL FOR A DISK SOURCE
REAL MU, HYP, MUCONC, MUDIRT, MFPG, MFPAIR,MFP,INDIR
COMMON /ENERGY/ EKEV, MU, BU, W, THETA,DQVERW
COMMON /FLAG/ RMAX
NSKIP = @
Pl = 3.14159256%4
HEIGHT = 1,0
STANDARD REFERENCE POINT FOR A DOSE IS { METER ¢ OM GROUND
FIND THETA FROM R AND HEIGHT
IF(R.GT.Q.) THEN
BETA = ATAN(HEIGHT/R)
ELSE
BETA = Pl/2,
ENDIF
THETAR = THETA/180.4#P!
TAVE = Q.
A s W
IF BETA GREATER THAN THETA THERE IS NO ROUGH GROUND EFFECT
IF(BETA.BT,.THETAR) GOTO 100
FIND A FROM W, THETA, AND BETA
A = W # SIN(BETA) # COS(THETAR)}/SIN(THETAR + BETA)
A IS THAT PART OF GROOVE THAT IS NOT IN SHADDOW
FIND AVERAGE THICKNESS OF EARTH INDIRECT PART PASSES THROU
TAVE » W/4, # SIN(THETAR)/(COS(THETAR)#SIN(BETA))
DO NO'« WASTE TIME CALCULATING UNNECESSARY VALUES OF TAVE
FIND D, THAT PART OF GROUND THAT 1S STILL FLAT
D = DOVERW # W

124



DIRECT = (A + D)/ (H+D)
! INDIR 3 (W = A)/(W+D)

¢ WRITE(#,993) THETA, THETAR , DOVERW, W, TAVE, BETA, R, HE]
H(P = SART(HEIGHT#HEIGHT + R#R)
MFPAIR = MU # HYP ¥ 123,
3UAIR = BUF(EXEV, MFPAIR)
RHODRT = 1.3

Crex¥# SPEC, GRAV. OF DIRT 15 APPROX 1.3 SCURCE: MECH,
MUDIRT = RHODRT # MUCONC(EKEY)
MFPG = MUDIRT # TAVE
IF(MFPG.GT.12) THEN

TERAIN = 8,

5070 22
ENDIF
JUFL = BUF(EKEV MFPC + MFPAIR)
BUF2 = BUF (EKEV,MFPG)

BUF3 = BCONC(EKEV,NFPS)
TERAIN = INDIR# EXP(-MFPG) # BUF3 # BUF1/DUF2
23 DISKi= .5 % BUAIR*EXP(-MFPAIR) * R/HYP##2,
GROUND = DISK! # (DIRECT + TERAIN/BUAIR)
RETURN
END
C
SUBROUTINE SIMPS(LOWER,UPPER, TOL, SUM, F)
R r AR AR AR RS RN R R R R E R RO R RN B ARRAR R RRIIIRRRERN
C NUMERICAL INTEGRATION BY SIMPSON'S RULE.
c
INTEGER IN, OUT, PIECES, I, P2
REAL X, DELTA, LOWER, UPPER, SUM, TOL
REAL ENDSUM, ODDSUM, SUMI, EV3UM
COMMON /INQUT/ IN, OUT

c
pleCfeEs = 2
DELTA = (UPPER ~ LOWER) / PIECES
0DDSUM = F(LOWER + DELTA)
EVSUM = 2.0
ENDS

UM = F(LOWER) + F(UPPER)
SUM = (ENDSUM + 4 # QDDSUM) # DELTA / 3.0
S PI1ECES = PIECES #* 2
P2 = PIECES / 2
SuMt = SUN
DELTA = (UPPER - LOWER) / PIECES
EVSUM = EVSUM + CDDSUM
0DdsuM = d.8
DO id 1 =1, P2
X = LOWER + DELTA # (2 ¢ [ - 1)
ODDSUM = 0ODDSUM + F(X)
13 CONTINUE

SHT

ENG., HANDBOOK

SUHM = (ENDSUM + 4,0 #00DSUM + 2.0 # EVSUM) # DELTA / 3.0

[F(ABS(SUM - SUM!) ,GT. ABS(TOL # SUM)) GOTO §
RETURN

125
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END
C
FUNCTION DISK(R)
Crexsexxs POINT KERNAL FOR A DISK SOURCE

REAL MU, HYP
COMMON /ENERGY/ EKEV, MU, BU, W, THETA,DOVERW
A= 1.0

C----- STANDARD REFERENCE POINT FOR A DOSE 15 § METER FROM GROUND

HYP = SQRT(A*A4 + R#R)
BU = BUF(EKEV, MU * HYP # 12@.)
DISK = .5 # BU#EXP(-MU*1Q,#HYP)*R/HYP*#2,
RETURN
END
C
FUNCTION AMU(EKEV)
C MASS ATTENUATION IN cm#2/gr
REAL E(26), MUORKO(26), LOBINT
Commw- AIR MASS ATTENUATION DATA FROM RADIOLOGIUAL HEALTH HANDBOOK
Cmmwm=- y JAN 1970, PG139
c

DATA E/10.,15.,20.,30,,40.,50.,58.,60.,100.,139.,,200.,302.,
! 499.,500.,400,,820.,1090.,1500.,2000.,3200.,4000.,5002.,
2 6000.,802008.,108026.,150008./
DATA MUORHO/ 4,99,1.55,0.752,0.349,08.248,02.208,0.188,08.1467,0.154,
{1 8,136,0,123,0,107,0,0954,0.02870,08,08025,0.87027,9.0636,
2 9.2518,0.2445,0.,0358,0.03028,9.0275,0.0252,9, 2223,
3 0.0204,02.0181/
i
C----USE LOG-LOG INTERPOLATION
LOGINT(X,X1,X2,Y1,Y2) = EXP((ALOG{Y2)~ALOG(Y1))#
1 (ALOG(X)=ALOG{(X1))/(ALOG(X2)=ALOG(X1)) + ALOG(Y1))

£
C
J=2
Lomemmm- use lowest two data points for energies below table

IF(EKEV,LT.E(1)) GO TO 212
200 IF(EKEV - E(J)) 212,211,210
218 J = 4J + |
IF(J.LT.25) GOTO 200
Crooenn- use highest two data points for energies above table
GOTC 212
211 AMU = MUORHO(J)
RETURM
212 CONTINUE
AMU = LOSINT(EKEV,E(J=-1),E(J) ,MUORHI(J-1) ,MUDRHO(J))
RETURN
END
c
FUNCTION ROENTG(EKEV)
AL A AL AR AN AL LU AU RL AR AL AL LR AAKA LKL AR AL LA LA RR AL AAABLRAN LA ARAAAAA
o This function converts BUF adjusted flux to R#m##2/hr/Ci
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REAL E(Z26), MUGRHO(26), LOGINT
-4ir mass absorption data from NSRDS-NBES 29, 19469 pg 20 & 2!
DATA E/12.,15,,22,,33.,43,,52,,60,,83,,133,,132.,2¢3.,3228.,
1 429,,5800.,6022,,8802.,1228,,1500,,29238.,,32322.,4023,,33302.,
2 53223,,82233.,10322.,153822./
DATA MUORHO/ 4.61,1.23,2.511,0.148,0,04669,.0404,.0335,.0243,
1 .3274,.2233,.0268,.2288,.029%,.02946,.2295,.0289,.2278,
2 ,1254,,8234,.0235,.2186,.0174,.2164,.03152,.0145,,0132/

o--=-USE LOG-LOG INTERPOLATION

LOGINT (X, X1,X2,Y1,Y2) = EXP((ALDOG(Y2)~ALOG(Y!))#
I (ALCB(X) -ALOS (X1 ) /7 (ALOGIX2) -ALOG (X1)) + ALOG(YL))

J=2
---usza lowest two data points for energies below table
[F(EKEV,LT.E(L)) GO 70 212

IF(EXEY - E(J)) 212,211,212

Jd =J+ 1

TF{J.LT.25) GOTO 229
---uyse highast two data points for energies above table
GCTO 2:i2

ROENT(G = MUORHG(J) # EKEV # 244,3365 /1233,

RETURN

CONTINUE

ROENTG = LOGINT(EKEV,E{J=-1),E{(]) ,MUCRHO(J=1) ,MUBRHO(J)) +
1 EKEV # 244,33635 /10209,

RETURN

END

FUNCTION BUF (EKEV,MUR)

REAL E(25), A1(25), A2(25), ALPHA1(25), ALPHA2(23), ALPHA3(25)
REAL MUR, LOGINT, SEMINT

COMMON /OLDJ/ EOLD, JOLD

DATA E/13.,28.,32,,49,,50.,49,,80.,122,,1590.,2009.,,392.,

1 422.,590.,6022,,800.,1092.,1520.,2328.,30202.,40020.,50220.,
2 6002.,8000.,10238.,15200./

DATA A1/1.258E1,4,960,1.039E1,1.183E2,5,1Q6E2,

1 1,54183,1.,477E3,1.503E3,1.242E3,1.204E3,

2 1.251E3,1.,182E3,1.232E3,4. 31 4ET, 1, 102E3,
3 1.123E3,2.941E2,4,159€E2,1.162E2,1.,928E1,
4 1. 251EL,1.9470LL,1,Q1LEL,B.889,56.661/

DATA A2/-3.984E-1,-6.395E-1,=6.924E-1,~1,462E2,-6,189E2,
{ =2, 712E3,-2,543E3,~2.736E3,-2,317E3,-2, 149E3,
2 ~1.,756E3,-2.019E3,-1.664E3,-4,588E3,~1,303E3,

S =1.174E3,-2.179€2,~2.487E2,-6.740E1,-1,417E1,
4 -5,071,-3,919,-3.0846,-2,360,-1.496/

DATA ALPHA1/-2.509E-2,-1.058E-3,-3.174E-2,-2.852E-2,-4,231E-2,
! -4,888E-2,-7.303E-2,-8.190E-2,-8.536E~-2,-7.780E-2,

2 -3.541€-2,-3.850E-2,-2.443€-2,-1.751E-2,~1.141E~2,
3 -1,031E-2,-4,944E-2,-3,784E-2,-2,395E-2,-2.575E-2,
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-4.129€-2,-5,174E-2, -4, 734E-2,-4,839E~2, -5, 032E~2/
DATA ALPHA2/3,955€-1,5.5855-1,9,832E-1,6,613E-3,-1,B52E-2,

-2.589E-2,-4,199E-2,-4,753E-2,-5,025E-2, -4, 773E-2,

~3.4756-2,-1.678E-2,-1.351E-2,-1,486E-2,-2. 141E-3,

-5,925€-3,-3,988E-2,-2,974E~2,~7,309E-3,2. BS4E-2,

5.233E-2,7.394E-2,9,321E-2,9, 146E-2,1,018E~1/

DATA ALPHA3/-2,659E-2,3.524E~2,6,484E=2,6.739E-2,64,537E-2,
b.546E-3,1,458E-3,-6,323E-3,-9.997E-3,-9. 998E-3,
!.528E-2,1.292E-2,2. 684E-2,3.4826-2,4,240E-2,
7.813E-2,-6.392E-2,-4, 662E-2,-3.2625-2, -4, 182E-2,
-5.231E-2,-6.205E-2,-5, 45262, -5,524E-2, -5, T74E-2/

BUILD UP FACTOR DATA FROM NUC SCI % END 78 PG74 1981
BF(A,B,C,D,E,UR)= A¥EXP(~C*UR)+B¥EXP (~D¥UR) +{1-A=~B) #EXP (-E+UR)
5¢ LOG-LOG INTERPOLATION
LOGINT(X,X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(Y1))#

(ALOG (X)=ALOG(X1))/ (ALOG(X2)-ALOG(X1)) + ALOG(Y!))

SEMINT(X,X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(YI))#*

(X=X1)/(X2=X1) + ALOG(Y{))

DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY
IF (EKEV.EQ, EOLD) THEN
J = JoLd
5070 212
ENDIF
EOLD = EKEV

J=2

--use lowest two data points for energies beiow table
IF(EKEV.LT.E(!)) GO TO 212

IF(EKEY - E(J)) 212,218,218

J = J + 1

IF(J.LT.2%5) GOTO 200

--use highest two data points for energies above table

GOTO 212

IF(MUR.GT.49.) GOTO 213

BUF = BF(A1(J),A2(J) ALPHAL(J) ALPHA2(J) ,ALPHAJ(J) (MUR)
WRITE({,900)EKEV,BUF,J,A1(J),A2(J),ALPHAL(J) ,ALPHA2(J) ,ALPHA3(J)
JOLD = J .
RETURN

CONTINUE

IF(MUR.GT.42.) GOTC 213

X2s BF (AL (J},A2(J) ,ALPHAL(J),ALPHAZ2(J) ,ALPHAJ(J) ,MUR)

X1=BF (A1 (J=-1),A2(J-1) ALPHAL (J=1),ALPHAZ2(J-1) ,ALPHAZ(J-1) ,MUR)
BUF = LOGINT(EKEV,E(J-1),E(J),X1,X2)

JOLD =

RETURN

CONTINUE ,

IF MFPS ARE GT 40 INTERPRET FROM END OF RANGE

X2= BF (AL (J) ,A2(J) ,ALPHAL(J) ,ALPHAZ(J) ,ALPHA3(J),40,)
X1=2BF(Q1(J-1),A2(J-1) ,ALPHAL(J-1) ,ALPHA2(J-1) ,ALPHAJ(J-1),40.)
BUF2 = LOGINT(EKEV,E(J=1),E(J),X1,X2)

X2= BF(A1(J),A2(J) ,ALPHAL(J) ,ALPHA2(J) ,ALPHAS(J),35.)



X1=BF (AL (J-1),A2(J~1) ,ALPHAL(J-1) ALPHA2(J-1) ,ALPHAS(J-1},35.)
BUFY = LOGINT(EKEV,E(J-1),E(I), X1, X2}

5UF = SEMINT(MUR,35.,42.,BUFt,BUF2)
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FUMCTION BCONC(EKEV,RMFP)
----- THIS FUNCTION CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
----- CONCRETE LIKE MATERIALS FROM THE NBS SOLUTION USING 12 PARAMETERS
----- BY EISENHAUER AND SIMMONS REF NUC SCI AND ENG 356,263-270,1973

----- R 15 IN MFPS

REAL E(25), DO(25),MUC(25),L0GINT, MUCONC
REAL A2(25),A1(25),RZ(25) ,A3(25),A4(29)
REAL 32(25),B1(25),32(251,33(25),B4(25)
REAL*3 BFC
COMMON /0LDJ2/ ECLD2, JOLD2
DATA E/1%5.,20..32.,43.,50.,63.,80.,180.,150.,202.,320.,
1 433.,%32.,622.,822.,13302.,1500.,2020. ,3200. ,4000.,5222.,
2 4222.,8092.,10022.,15232./
DATA MUC/B8.2122,3.44%03,1,1133,0,5588,0.3598,7.2734,0.2004,8,1704,
! 8.1399,2.1250,8.12873,2.2953,9.02873,0.2807.2.9709,
2 0.8537,2.23519,0 0443,0.0365,2.2319,2.2290,0.2270,0, 9245,
3 2.23231,2.23215/
DATA DO/2.15839,3.1487,3.1327,0.1200,0,1128,
! 2.1118,2.1215,2.1374,2,1791,0.2149,8.2698,
2 2.3238,0,3489,2.3674,0,4085,0,4404,0. 4761,
3 2.5233,0,5679,0.5933,0.4058,0,6241,8,6425,0.6540,0., 6574/
DATA A3/1.1135€-2,2,4283E-2,2,06645,2,11734,9.15918,
1 2.18644,2.22372,2.24651,0,27748,0.29820,3,31837,
2 3.32729,2.33559,0.33965,3.34413,2,34678,2.35112,
3 2.35345,0.35491,0,35425,2,34738,0,33878,9. 31686,
4 9.29369,0,24238/
DATA A1/-2.2011383,-2,2924618,-0.00623622,-9.2392983,
| -0.015356,+2,025044,-0,212144,0.043474,9.021783,
2 2.029393,8.2312225,0,0095543,0.0044976,0.90073127,
3 0.3291422,9.0098983,0.2100164,0.2299221,0, 2078632,
4 2.2:8371,0,0240628,0.032829,-2.013397,-0.0165612,-0, 2029325/
DATA A2/5.483E-04,1,2489E-03,3.9289£-03,8.6343:-83,
| 1.5169E-02,1,1833E-02,3.7932E-02,3, 2859E-02. 2, 9878E-02,
2 4.8446E-02,
3 5.5001E-02,5.0474E-02,2.2018E-02,2,70128-02,2, 2857E-02,
4 2,0876E-02,1.9785E-02,1.9284E-02,2, 1801E-02,3,9089E-02,
5 -9,3940E-03,-8,6533E-03,2.8838E-02,2,7261E-02,-1.9101E-082/
DATA A3/2,1503E-04,5.0984E-04,1.7224E-03,4,0328E-07,
i 7.5754E-03,1.3153E-03,3.03376-02,2,6237€-82,3.19:5E-02,
2 8.2357E-22,1.0486E-01,1,1029E-081,3.4039E-02,3. 1744E-02,
3 4,4123E-02,5.04356-22,5.2275E-02,4,9103E-02,3,900uE-02,
4 2.9837E-02,2.9888E-02,2,589%E~-02,1.8330E-02,1.4279E-02,
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5 2.2817E~-32/

DATA A4/4,2382E-05,1,0829E-04,3.9985E-04,1.08328E-03,

1 2,2527E-93,0.02202022,1.2457E-02,3.1514€~-06,5,8241E-02,

2 -1,4638E-924,-8,6411E-84,-6,3551E-28,1.08539E-21,9.4382E-02,

3 7.3339€-02,5,9498E-02,4,@714E~-02,3.2172E-92,2,2187E~22,

4 2,2372E-03,6,7348E-25,3.57J1E-03,1.,5434E-03,3,6397E-87,

S 9.8832E-03/

DATA B3/D,57471,0.56384,0,54853,8,53350,2.53787,

1 2.54758,0.57172,0.,60242,0,565913,0,59444,8,73934,

2 B,76455,2.78164,0,79363,0.83851,2.81671,0.82277,

3 2.81861,0.80467,0,79201,2.78176,0.77269,0,75988,

4 0.75116,2.73974/

DATA B2/2.72706,0.71518,0.69814,0,668724,0,6839%,
2.92637,0,469136,0,86298,8.77287,2.84634,0.82398,
2.32998,3.76467,3.79645,0.83369,3.80482,2.79832,
3.793546,9.81728,2.85749,9.72580,0.63341,2.85214,
0.86119,2,55119/

DATA B1/2.42393,2.41348,0.39364,0.36212,2, 28648,

1 3.70716,8.808330,2.469185,0,68532,2.71979,0.68827,

2 3.65923,3.56762,0.585849,0.57175,2.55269,08.52359,

3 9.352858,2.46877,0,30734,2.83930,0.83961,0.57962,

4 0.56135,7.85134/

DATA B3/2.87317,0.86506,8.85549,0.85394,9.85703,

1 1.,20436,0.85532,0.98931,0.87818,1.81431,1.92:389,

2 1.00622,0.87325,0.90688,0.91929,2.91859,8.91245,

3 0.90861,9.91192,2.94145,2,96388,0.94894,0.95974,

4 3.97377,2.86292/

DATA B4/0.96440,0.96154,0.95995,8,96110,0,96562,

{ 1.00020,0.98034,1.17568,1.004645,1.09682,1,07209,

2 1,34178,1.20139,0.99831,08,99455,0.99148,2.98747,

3 8.98542,8.958404,1,01558,1.10992,!.30529,1t.09t11¢8¢,

4 1.22902,2.9774¢/

BFC(R,U,AB,A1,A2,R3,A4,B0,B1,B2,B3,B4,00) = | +

| AQ#UsR#DEXP(-DBLE(J*R/B3))+AL ¥ (U*R/B1) ##24DEXP (-DBLE(U#R/BL))+

2 A2 # (URR/B2)##2 # DEXP(-DBLE(U#R/B2)) +

3 A3 % (UrR/B3I)##2 # DEXP(-DBLE (U*R/33)) +

4 AG#{U#R/B4)»#22DEXP (-DBLE (U#R/B4)))/(DO*DEXP (-DBLE (U#R)))
C----USE LOG-LOG INTERPOLATION

LOGINT(X,X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(YL))#

1 (RLOG(X)-ALOG(X1))/(ALOG(X2)~-ALOG(XL)) + ALOG(Y!))

R = RMFP / MUCONC(EKEV)
C WRITE(#,1Q008) 'BCONC 2°,EKEV
ce#sesss DO NOT LOCK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

IF (EKEV.EQ.EOLD2) THEN

J = JOLD2

GOTO 212

ENDIF

EOLD2 = EKEV

B BN B IS

J=2
Lommonna use lowest two data points for energies below table
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IE VLLTLEC(L)) GO TO 212
IFi t- E(D)) 212,211,212
J = .+
IF(J.LT.25) 6070 229
--u52 highast tws data points for energies above table
GCTa 212
BOONC=3FC(RyMUCHD) VA (D) ALLT) \A2(0) A3, A4 (I, 8000),B1 (D)
32(3),83(J),B4{J),03(dN
URCONC = R # MUT(])
JOLD2 = g
RETURN
CONTINUE

X2=8FC (R, MUC(J),AD(J),81(J),82(0),A3(J) ,A4(J),BA(I),B1(J),B2(J),
534J).3403),00(J)

J‘JV
=3 -1
FU=RFCARMUCIK) A2 (K) AL (O LAZ LK) JASI(K) (A4(K) ,32(K),BLI{K),B2(K)
33(K),84(K),DO<K))
GCONC = LOGINT{EKEV,E(J-1),E(J),X1,X2)
LRICNC = R # 2G5! NT/EKEU E(J=-1),E(3),MUCI=1) , MuCdn)
JOLDZ2 = ]
RETURN
END
REAL FUNCTION MUCONC(EREW)
this fucntion calculates mu over rho for concrete in cnl/gr
REAL E(25), MUZRHO(25), LOGINT

nass attenuatzon data from Nuc Sci & Eng S6 pr 247, 1973

DATA E/15.,23.,32.,40.,58.,60,,80.,1020.,158.,208.,329.,
4293.,5292.,6092.,50@2,,10229.,15099.,2092.,320d.,40@0,,5200.,
5333.,9222.,18222,,152823./

DATA MUORMHO/8,0100,3,4450,1,11892,0,5589,0.3638,2.2734,0.2004,
2.1724,2,1399,9.12350,2.1273,0.2928,8,0873,8.3507,0.02739,
3.35637,3.3519,2.2449,2.9365,2.2319,0.3299,2.2272,0.08245,

3. 3~J¢.3.3215/

52 LG3-L3G INTERPOLATION
LOGINT X, X1, X2,Y1,Y2) = EXP((ALOG(Y2)-ALQG(Y1))#
(ALOS5(X)=ALOG Xl))/(RLDS(XZ)-ALOG(XiJ) + ALOG(Y1)

-=-usa Jowest two data points for energias below table
IF(EKEV.LTLE(L)) GO TO 212

IF(EKEV - E(J)) 212,218,210

Jd = J + |

IF(J.LT.26) GOTO 209 .

-~use highest two data points for energies above table
6070 212

MUCONC = MUCRHO(])

RETURN
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212 CONTINUE
MUCONC = LOGINT(EKEV,E(J=1) ,E(J).MUORHD(J=1) ,MUCRHO(J))

RETURN
END




SRl L

\ PR AP
: [T A
N N . E

e & e e e e - EPE .
SR e ol ki s L T e Y
JCR i ) <L o NN Lo

. i

o €% e w
P N

cengo s e s e e Y AT T R R T o BT G S SR A ey S Y e

APPENDIX B

FALLCUT PROGRAM DESCRIPTICON AND LISTING

Tha Fallout program calculates the DRFs for a fallout
sjource? whan tha detoctor i3 contared inside a structuro.
Tha program modal is discussed in Section 2.7. Regquirad
input includes the equivalaent height and radius of the
structur=2, the mass thickngss of the roof and walls and the
throe ground roughness factors w, d/w and Y’_

Whan the Fallout program is run, it will ask for input
data as shown in Figure 27. Tha first input required is a
title and dat2 for the output listing. The program then
asks for tha2 equivale@nt radius and height of tha structure,
followaed by the mass thicknesses of the wall and roof. The
program then prompts the user with a few suggested values
for the three ground roughness factors (see Section 2.6.2).
Other values for the ground roughness factors may be used.
The program then calculates the resultant DRF’'s for the
1-Hr. bomb fallout spectra, the PWR-2 (R55) fallout spectra,
the TMI fallout spectra and the SL-1 fallout spectra
followed by the DRFs fcor snergies from 15 KeV to 13 MeV. A
typical output listing in shown in Table 14,
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B>fallout

INPUT TITLE/DATE OF QUTPUT
Seall Wood Mouse. 16 Bept 19684
INPUT EQUIVALENT RADIUS OF STRUCTURE IN METERS 5,
INPUT EQUIVALENT HEIBMY OF STRUCTURE IN METERS 8. ‘
WALL MASS THICKNESS IN gr/ceeel 10,
ROOF MASS THICKNESS IN gr/case2 1B, ;
Thrae ground factors aust de input
M - The craractoristic trough wigthn
O/¥ - Thne ratio of ¢lat surface to trough
and PS1 - The charactoristic trough angle.

The following are suggested values: X

BURFACE N D/w \
Seo2th plane [ B 1. l
Paveg Ares 0,354} 1.

Lann 2.3698 8.9%9

Gravelled Area 7.4478 8.897

Plowed Field 23,8287 $.839

PS1 & 45, degroees

INPUT PS1 (dagrees) 45,
INPUT W 2,3698
IMPUT D/W ,49%9

FIGURE 27 Typigal Computer CRT Display During _lInitiation_pf
Eallout Program.
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Th2 program also calculates the unprotzcted exposura in
R par Curi2 of fallout per square meter. The axposures from
thoe roos scurce and ground gource ara calculatad and summed
to give thoe total exposure. Th= fraction of tha total
@xposure from the roof source is given as the roof
contribution (ROOF CONT.). This is followed by the DRFs and
thiz ratio of the DRFs to the DRF for the 1-Hr. bomb fallout
spectra.  The last column of data is the exposure one would
roceive from an interior fallout source of i Curia per
square meter. The program assumes one gamma per
disintagration for the | Hr. bomb fallout, the PWR-2 fallout
(R5S-Fallout) and the individual gamma energy calculations,.

The program is written in Microsoft FORTRAN 3.13. This
is a version of FCRTRAN 77. There are no non-standard
FORTRAN commands in the program. The program was run on a

e ok S e i e e st e g ] s i i i e S e s e i e it e S M o b e B e s

2788 procassor and an 35887 co-precassor. The program was

run under the MS-DDS 2.11 opzrating system. Howeva~, it
should run on any computer capable of using FORTRAN 77. The
program takes approximately 43 minutes running time.
Caution, the program is written is FORTRAN, the input
requires decimal points. Tha program may not converge to an
answer for low energies (15 and 20 KaeV) for wall thickness

greater than about 20 gr/cm=. This is because the exposures

ara less than 8.43£E-37, which iz the limit of the single
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precisicn data type used for real variables.

The MAIN program directs the input and output of the
program data. Subroutine SIMPS carri=s out the intagrations
by using Simpson’'s rule. The number of increments is
autumatically increased until the desired accuracy is
obtained. Subroutine PROTECT speeds the integration of the
disk source by dividing the disk into rings which converge
to 1ntegrals faster. Function DISKIN finds the kernel for
the hypothetical infinite smooth disk cource. Function
GROUND calculates the kernel for the fallout using the
methods developed in Section 2.7. Function DISKRF
calculated the kernel for the roof source.

“anction AMU finds the mass attenuation coefficient for
air. Function BUF finds the buildup factor for air.
Functiornn MUCONC finds the mass attenuation coefficient for
the ground, roof and walls. Function BCONC finds the
buildup {actor for the ground, roof and the w;lls. Function
RCENTG finds the factor for converting flux to exposure.

The listing of the Fallout program follows.
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PROGRAM HOUSE

CHARACTER CTITLE#91

INTEGER IN, OUT

REAL E(23), MFP1, LININT, INSIDE
REAL EGROLP(20,4), FRACT(22,4)
EXTERMAL [DISKIN, GROUND, DISKRF
COMMON /ENERGY/ EKEV W, PST, DOVERW
COMMON /SIZE/ RTHICK,WTHICK,BHGHT,BRAD
COMMON /INOUT/ IN, OUT

COMMON /0LDJ/ EOLD, JOLD

COMMON /0LDJ2/ EOLD2,J0LD2

Lrsnnnn NOTE RADIT ARE IN METERS, ENERGIES IN KeV, DENSITIES IN gr/cm#2

c

1
2

!
2
3
3

1
2

EY
~

4

DATA E/15.,23.,39.,42.,50.,6d.,82.,130.,:152.,220.,390.,
490.,502.,632.,662,,882.,1800.,1173,,1332,,1%02.,
2032.,3229.,4232.,5C29. ,6000.,82020.,12200.,15008. /

DATA EGROUP / 25.,75.,159.,250.,350.,500.,700.,

992, ,1165,,1538.,1833.,2250,,2759. ,3503. ,4500. ,5+3.,
50.,300.,753.,1522.,2500.,15%2.,

723, ,637,,364,,284.,88.,15#0.,
B1.,284,,364.,637,,662,,723,,14%D,/

DATA FRACT /,8271,.0137,.8737,.0476,.0929,.1373,.1717,.1627,
,0839,.0957,.0299,.0397,.0148,.23042,,002!,5+2. ,
,1696,,2431,.2758,.2183,.8912,1540.,
L316,,262,,82,.854,.026,15+0.,
,8245,.8509,.7736,.8642,.0401,.0151,14#0./

Crexrans [ INEAR INTERPOLATION FUNCTION

LININTOX, XD, X2,Y4,¥2) = (Y2-Y1)#(X=X1)/(X2-X1) + Vi

CAA/*.AAAAAAA/\AAAAAAAAAA/\AA/\AAAAAAAA/\ AAAAAAAAAAAAAAAAANAAAAAAAANAAAAAANANA

C~ATTEMPT TO CONTROL EPSON FX-323 PRINTER FROM FORTRAN TO COMPRESS PRINT

{

OPEN (1,FILE="LPT1‘,STATUS='NEN' ,ACCESS='DIRECT"
,FORM="UNFORMATTED ' ,RECL=1)

WRITE (1)27,15

CLOSE (1)

OPEN(1,FILE='LPTL")

CAAA/\AA/\A/\AAAAAAAAAAAAAAAA/\AAAAAAAA/\A/\AAAAAAAA/\AAAAAAAAA/\AAAAAAAAAAAAAA

Pl = 3.141592454
ouT =t

EOLD = 9.0

EOLD2 = 0.2

IN = 0

NSPEC = D

Y A N Y Y Y Y Y YA A Y Y Y 3 A A Y Yy Y a kN 1 Y Y 1R XY
Cu%%Z4% Routines for inputing and printing given data.
e S NN Y Y N Y Y22 222 Y Y 22N Y Y r Y Ak Y 2 XX

290

WRITE (#,299)

FORMAT(1X, ' INPUT TITLE/BATE OF OUTPUT')
READ(#,291)CTITLE

WRITE(OUT,807)

WRITE(QUT,292)CTITLE

WRITE (OUT,B08)
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329
33t
332
333

I

32!

334

R Y Y Y Y Y Y Y Ny Yy Y Y Y Y R R N R X R RN R Y

690

510
611
612

WRITE (OUT,824)
WRITE(#,321)

FORMAT (1X, ' INPUT EQUIVALENT RADIUS OF STRUCTURE IN METERS
READ (#,333) BRAD

FORMAT(F13,6)

WRITE (#,311)

FORMAT (1X, ' INPUT EQUIVALENT HEIGHT OF STRUCTURE IN METERS
READ (#,303) BHGHT

WRITE(#,321)

FORMAT (1X, 'WALL MASS THICKNESS IN gr/cae#2 ' ,\)

READ (#,383) WTHICK

WRITE (#,331)

FORMAT(1X, ‘ROOF MASS THICKNESS IN gr/ca##2 ' ,\)

READ (#.323) RTHICK

WRITE(#,500)

WRITE(#,5610)

READ (#,323) PSID

PSI = PSID/188.#P!

WRITE(*,411)

READ (#,303) W

WRITE (#,612)

READ (#,323) DOVERW

FORMAT(1X, 'Three ground factors must be input’',/,

1 ° W - The charactoristic trough width',/,

2 ' D/W - The ratio of flat surface to trough',/,
3 * and PSI - The charactoristic trough angle,’',/,/,
§ The following are suggested values:',/,

S SURFACE W D/W' /7,

6 3mooth plane . 0. 1.°,/,

7 Paved Area 0.7941 1./,

g8 Lawn 2,3698 9.959°,/,

9 Gravelled Area 7.4478 8.897,/,

A Plowed Field 25,8287 0.339°,/,/,

B -

PSI = 45. degraes’,/,/)
FORMAT (1X, "INPUT PSI (degrees) ',\)
FORMAT(1X, "INPUT W ',\)
FORMAT (1X, "INPUT D/W ',\)
WRITE(QUT,304)BRAD
WRITE(QUT,314)BHGHT
WRITE(QUT,J24)WTHICK
WRITE(OUT,334)RTHICK
WRITE(QUT,821)

WRITE(OUT,622) PSID
WRITE(OUT,523) W
WRITE(QUT,624) DOVERW
WRITE(OUT,B803)

e

o)

Cr e R R R R B R R R R R R BRI RIS AR R R R R R R R R R SRR R RERBRBRRRRRRRRRE R AR R

CassnsassnnanaasINPUT TITLE FOR

LISTINGHS# RS8R 4R KRR RAREERRHRAARES

B@7 FORMAT(1HO,25X, 'HOUSE WITH SEMI-INFINITE DISK SOURCE IN AIR’,

1 * WITH GROUND FACTORS. 24 JULY 1984")
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C{fiiﬂ?i*i*i#ii*i*ii*#}{**9**{4!’**!!'**’{i*iﬁiifi*f’ifi*li**i*i’ii
FORMAT(1X,25%,F7.1,5¢,7(G9.4,20),4X,69,4)
FORHAT (LHD, 254, "E(KaV) ", 3X,
UNPROTECTED',3X, "R0CF ", 8X,
‘330U

N ) e 1

322
333
1
2
3

D', 34,

TATAL EXP, ', 2X, 'ROOF CONT.',3X, 'DRF’,3X,

“RATIO TO .12 Hr, " 2X,"INSIDE")
FORMAT(1HB,254, Intagration to 12 MFPs in air.’)
FCRMAT (X, 25X,
{ F9.3, " maters

FCRMAT (1X,25K,"

1 F9.3,°

334

1 F§.3," gr/ea2’

834
621
622
623
624
833
513
S04
sa7
291
292

metars’
FORMAT (1X,25X,"
1 F3.3," gr/ca2’

FORMAT(1X,25X,

.

ZTquivalent radius of structure = ',
")

Equivalent height of structure =

)

Wall mass thickness "y

)

"Rcof mass thicknass "y

)

FORMAT(1X,25%, 'Detector is | nagter above smooth plane’)
FORMAT(1¥%,25X, 'The Sround Factors ara:’)
FORMAT(1X,33%, 'The %trough angle PSI = ",F12.4, degrees’)
FORMAT(1X,32X, The charactoristic trough width W = ' \F12,4)
FORMAT (1X,38X, 'The ratio of flat to trough D/H = ',F12.4)
FORMAT (1X,25X,"'1,12 Hr, X, 769 4,2%),4X,69.4)
FORMAT(1X,25X, 'RSS-Fallout',1X,7(G9,4,2X),4x,69.4)
FORMAT (1X,25X, 'THI-Fallout ', {X,7(B9.,4,2X),4X,G9,4}
FORMAT(1X,25X, 'SLi-Fallout ,1X,7(G9.4,2X),4X,69.4)
CRMAT(A9!)
FORMAT(1HD, 235X ,A9¢)
IR I Yy R N R R Y R N R R R R Y R R Y N RN R RPN P YT P TR AT
C2722QR2A43033029QQARRARLARAR20AAARNAAAAARAAAGEAARAAAARAAAA0AAARARARAARARAGE
£3323@ ROUTINE TO FIND DRFS FOR SPECTRA
DQ 522 NSPEC = {,4,+!

SUMGK = 2,
SUMGE = 0.
SUHUK = 2,
SUMUE = 2.
SUMRK = 8,
SUMRE = 0,
TEXIN =2 D,

DO 53! IEXEV = 1,22
EKEV = EGROUP(IEKEY,NSPEC)

FRCT

FRACT (I

[F(FRCT.EQ. D)
WRITE(#,806) EKEV

LET YOU KNOW PROGRAM 15 RUNNING
EXPOSE = ROENTG(EKEV)

CALL PROTECT(®.,DISKIN,UNPKRN)
CaLL PROTECT(BRAD,GROUND,PKRN)

EKEV,NSPEC)
5070 521

CALL SImMPS(d.,BRAD,1.E-5,PROOF,DISKRF)

CALL SIMPS(® ,BRAD,1.E-3,INSIDE,DISKIN)
TEXIN = TEXIN + INSIDE #» EYPOSE # FRCT
SUMUK = SUMUK + UNPKRN # FRCT

SUMUE = SUMUE + UNPKRN # EXPOSE #FRCT
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se?

SUMGK = SUMGK + PKRN #FRCT

SUMSE = SUMGE + PKRN # EXPOSE #FRCT
SUMRK = SUMRK + PROOF # FRCT

SUMRZ s SUMRE + PROOF = EXPOSE # FRCT
CONTINUE

TOTKRN = SUMGK + SUMRK

TOTEXP = SUMGE + SUMRE

DRF = TCOTEXP/SUMUE

IF (NSPEC.EQ.1) DRFBMB = DRF

RATIO = DRF/DRFBMB

RCONT = SUMRE/TOTEXP

IF(NSPEC.EQ.1)WRITE(QUT,583)SUMUE,SUMRE ,SUMGE , TOTEXP,

{ RCONT,DRF,RATIO,TEXIN

IF(NSPEC.EQ,2)WRITE(QUT,512)SUMUE,SUMRE, 3UMGE, TATEXP,

{ RCONT,DRF,RATIO,TEXIN

IF(NSPEC.EQ.J)WRITE(QUT,506) SUMUE,SUMRE ,SUMGE , TOTEXP,

{ RCONT,DRF,RATIO,TEXIN

[F(NSPEC.EQ.4)WRITE(QUT,5@7) SUMUE,SUMRE , SUMGE , TOTEXP,

{ RCONT,DRF,RATIO,TEXIN
CONTINUE

142
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CAZ%%% ROUTINE FOR GENERATING ENERGY/DRF TABLE

Ny Y Y Yy Y Y Y N Y R Y v X Y X X222 Y 4224 v Rt 121 v R XA 1 R A A AR

801

DO 8@t IEKEV = 28,!,-1
EKEV = E(IEKEV)
WRITE(#,806) EKEV
FORMAT(1X, 'E(KaV) = *,618,5,\)

~LET YOU KNOW PROGRAM IS RUNNING

EXPOSE = ROENTG(EKEV)
CALL PROTECT!2.,DISKIN,UNPKR)
CALL PROTECT (BRAD,GRGUND,PRK)
CALL SIMPS!@,,BRAD,1.E-5,PROOF,DISKRF)
CALL SIMPS(D.,BRAD,1.E~5,INSIDE,LISKIN)
EXIN = INSIDE # EXPOSE
EXPUNP = UNPKR # EXPOSE
EXPPR= PRK # EXPOSE
EXPRF = PROOF # EXPOSE
TOTEXP = EXPPR + EXPRF
IF(TOTEXP.LT.1.E-3d) THEN
RCONT = .8888888£33
ELSE
RCONT = EXPRF/TOTEXP
ENDIF
IF(EXPUNP,LT.1.E=38) THEN
DRF = ,0B8RBBEBEII
ELSE
DRF = TOTEXP/EXPUNP
ENDIF
RATIO = DRF/DRFBMB

WRITE(OUT,B802)EKEY,EXPUNP ,EXPRF ,EXPPR,TOTEXP ,RCONT,DRF,RATIO,EXIN

CONTINUE
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U3RJUTINE PROTECT(RI,DISK, TOTKRN)
TCLER(13),DXFP(13) ,KERN, HFP
ZRNAL DISK,GROUND,DISKIN
SHMON/ENERSY/EKEV, N, P51, DOVERN
COMMON /SIZE/ RTHICK,4THICK,BHGHT,BRAD
DATA TOLZR/1.,E-4,1,E-4,1.E~4,1,8~4,1,E-4,1.2-4,
{ 1. E-4,1,E-4,1,E-3,1,E-2/
DATA DMFP/.233,.31,.05,.1,.2,.5,1.,2.,5.,12./
L--mn- R40 = DINSITY OF AIR AT STP 2.021293 gn/cmes3
RHI s 2,331233
MUZKEY = AMU(EKEV!
MEP = AMUEKEY # RHO »132.

3

Moy U
» > fry

Lomem= DISTANCES ARE [N METERS, MU IN INVERSE CENTIMETERS, XJ I5 IN MFPS3
TOTKRN = 3,
N1=0

20 3253 J = 1,13
Xg = DMFP(J)
TOL = TOLER(J)
Ce##s% [F R1 IS GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
Xl = Rt # MFP
IF(XJ, LE XIMD 6070 825
N1 Ni{ + 1
p2 LJ/MFP
[FINL.EQ.1) THEN
XZIML = XJM!
XML = DMFP(J-1)
END IF
Dl = XJM1/HFP
CALL SIMPS(Dt,D2,70L ,KERN,DISK)
DS = XDOSE # XERN
TCTKAN = TOTKRN + KERN
805 CONTINUE
RETURN
END

woH

c
FUNCTION GROUND(R)
Ceeneseas POINT KERNAL FOR A DISK SOURCE
Cennanses This function calculatas the kernal for a cylindrical wall
Cosanwdny with a ground roughness shielding factor
REAL HYP, MUCONC, MFPGRN, MUC,INDIR
REAL MFPWAL,ICOS, MUAIR,MFPT ,MFPAIR,MFPBU
COMMON /ENERGY/ EKEV,W, PSI, DOVERW
COMMON /SIIE/ RTHICK,WTHICK,BHGHT,BRAD
C-m=-- STANDARD REFERENCE POINT FOR A DOSE [S 1 METER FROM GROUND
Pl = J,14159246%4
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HEIGHT = 1,
HYP = SQRT(HEIGHT#*#2,+ R#R)
ICOS = HYP/R
MUAIR = AMU(ZIKEV) # 2,2331293 = {2323,
HFFAIR = MUAIR # ICOS # (R-BRAD-,2)
Commem- Assune wall s .2 metars thick
RHODRT = 1.3
Cevass SPEC, GRAV, OF DIRT [5 APPROX {.3 SOURCE: MECH, ENG., KANDBOCK
MUC = MUCONC(EKEV)
MFPWAL = IC0S # MUC # WTHICK
MFPBU = MUAIR # B3RAD
MFPT = MFPAIR + MFPWAL + MFPBU
IF(MFPT.GT.12.) THEN
SROUND = 8.
RETURN
ZNDIF
C+++++ Find BETA from R and Height
IF(R.GT.3.) THEN
SETA = ATAN(HEIGHT/R)
ELSE
BETA = PI/2,
ENDIF

TAVE = @,
A=W
DIRECT = 1,
INDIR = @,
IF(W,LE.2,) GOTO 22

Creees | BETA is greater than Psi, there is of rough ground effect
IF{BETA.GT,.PSI) GOTO 20

Ces+++ $ind A from W, PSI and BETA

Ce+++++ A is that part of the trough that {3 not in shaddow
A = W % SIN(RETA) # COS(PSI}/SIN(BETA + PSI)

C+++++ Find the average thickness of eairth indirect part passes throu
TAVE = W/4, # SIN(PSI)/(COS(PSI)#S5IN(BETA))

122 CONTINUE

D = DOVERW » W
DIRECT = (A + D)/(W + D)
INDIR = (W - A)Y/ (W + D)
MFPGRN = MUC # RHODRT # TAVE
IF(MFPGRN,GE.12,) THEN

TERAIN = 3.

G0TO0 29
ENDIF

{--+~-~=--Find Build-Up-Factor for fraction that encounters the ground
BUF! = BCONC(EKEY,MFPGRN)
BUF2 = BUF (EKEV,MFPAIR + MFPGRN)
BUF3 = BUF (EKEY,MFPGRN)
BUF4 = BCONC(EKEV,MFPGRN+MFPARIR+MFPWAL)
BUFS = BCONC(EKEV,MFPGRN + MFPAIR)
=

BUF6 = BUF (EKEV,MFPGRN+MFPT)



BUF7 BUF (EKEV ,MFPGRN+MFPAIR+MFPUAL)
30Tt BUFY{ # BUF2/BUF3 # BUF4/BUFS # BLF4/BUF7
TERAIN = INDIR # EXP(-(MFPERN+HMFPT)) # BUTI
22 CONTINUE
Lommmm-- Find Build-Up Factor for fraction that missed the oround

BUFL = 3BUF(EKEV,MFPAIR)

JUF2 = BCONC(EKEV, MFPJAL+MFPAIR)
BUF3 = BCONC(EKEV MFPALIR)

3UF3 = BUF(EXKEV HFPAIR+MFPUAL+MFPAY)
BUFS = BUF (EKEV,MFPAIR+MFPUWAL)

BUT2 = BUF! # BUFZ/BUFI # BUF4/3UFS

DISKl= DIRECT # BUT2 # EXP{-MFFT)
GROUND = ,5 % R/HYP##2, % (DISK! + TERAIN}
PETURN
END
C
FUNCTICN DISKRFIR)
Ceassennr POINT KERNAL FOR A DI8K SQURCE
Ceaxsexee This function calculatas kernal for roof
REAL  HYP,ISIN,MUCCNC,NMFP
COMMON JENERGY/ EKEY, W, P31, DOVERW
COMMON /SIZE/ RTHICK,WTHICK,BHGHT,BRAD
IF(BHGHT,LT.1.) THEN
PAUSE 'PROGRAM ABORT ~-- BUILDING TOJO SHORT'

ENDIF
A = BHGHT -1, + ,2
Lowmm- STANDARD REFSRENCE POINT FOR A DOSE IS { METER FROM GROUND

HYP = SGRT(A*4 + R#R)
ISIN = HYP/A
ATRMFP = AMU(EXEV) # HYP + , 201293 « 1290,
CONMFP = MUCONC(EKEV) # RTHICK # [SIN
MFP = AIRMFP + CONMFP
[F(HFP,G3T.82.) THEN
DISKRF = 2,
RETURN
ENDIF
30 = BCONC(EKEV,CONMFP) #BUF (EXEV ,MFP) /BUF (EKEV,CONMFP)
DISKRF = ,3 % BU # R/HYP##2, # EXP(-MFP)
RETURN
END
C..
FUNCTION DISKIN(RY
Ceeeennws POINT KERNAL FOR A DISK SOQURCE
Censneses This function calculates kernal for infinite smooth plane
REAL MFP, HYP
COMMON /ENERGY/ EKEV, W, PSI, DOVERW
g----- STANDARD REFERENCE POINT FOR A DJSE IS 1 METER FROM GROUND
HYP = SORT(1, + R#R)
MFP = AMU(EKEY) # ,@01293 # 10Q@., # HYP
BU = BUF (EKEV, MFP)
SA = |,

143
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DISKIN = .5 # BU#SAEXP(-MFP)#R/HYP¥+2,

RETURN

END
C-

SUBROUTINE SIMPS(LOWER,LUPPER, TOL, SUM, F)
Cl'li**ii’ii**{’i'l'*{i{{{i}{*‘!{ii’ilif!iii*i!iiif{iliifﬁl’
C NUMERICAL INTEGRATION BY SIMPSON'S RULE.

c

INTESER IN, OUT, PIECES, I, P2

REAL X, DELTA, LOWER, UPPER, SUM, TOL

REAL ENDSUM, ODDSUM, SUM1, EVSUM

COMMON /INOUT/ IN, OUT

PIECES = 2

DELTA = (UPPER - LCWER) / PIECES

ODDSUM = F(LOWER + DELTA!

EVSUM = 2.2

ENDSUM = F(LOWER) + F(UPPER)

SUM = (ENDSUM * 4 + 0DDSUM) # DE_TA / 3.2

5  PIECES = PIECES *
P2 = PIECES
SUMI = SUM
DELTA = (UPPER - LOWER) / PIECES
EVSUM = EVSUM + ODDSUM
0DOSUM = 2.2
DO 19 I = 1, P2
X = LOWER + DELTA # (2 # [ = 1)
0DDSUM = ODDSUM + F(X)

10 CONTINUE

SUM = (ENDSUM + 4,0 #0DDSUM + 2.@ # EVSUM) # DELTA / 3.0
Co#¥s WRITE (#,138) LOWER,UPPER,SUM,PIECES

182 FORMAT(1X, 'LOWER',G1¢.7, UPPER',G14.7, ' SUM',G14.7, PIECES',I3)
IF(ABS(SUM - SUML) .GT. ABS(TOL * SUM)) GOTO §

-~ I3

2

RETURN
END

"

C

-

FUNCTION AMU(EKEV)
C MASS ATTENUATION IN cm#2/9r
REAL E(26), MUORHO(26), LOGINT

Lemme- AIR MASS ATTENUATION DATA FROM RADIOLOGICAL HEALTH HANDBOOK
Crmmm- , JAN 1973, PG139
c

DATA E/12,,15.,20.,30.,40.,5%0.,60.,680.,100.,150.,200.,300.,

| 400.,500.,400.,802.,1000.,1500.,2200, ,3000.,4000.,5000.,

2 6200.,8020.,10000.,15620,/

DA"A MUORHO/ 4,99,1.55,0.752,0.349,0,2¢8,0.238,0,188,0.147,0.154,
! 9.126,0.123,0.107,0.2954,2,28702,0.08085,0,0707,2.0436,

2 0.0513,0.244%,0.0358,2.0308,0.0275,0.0252,0.0223,

3 0.0204,0.6131/
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C----USE LCG-LOG INTERPOLATION
LOGINTOX, XL, X2,Y1,¥Y2) = EXP((ALOG(Y2)-ALOG(Y]) )+
f GALS (X)-A;D:fX1))/(ALOG(XZ)-Q’OG Xl)) + ALCG (YN

£
£
J=2
R et us2 lowest tna data points for enargies haloa tadl
TF{EREvy, LT ELL)) GO TO 212
233 IF(EKEV - E(J‘) 212,241,213
213 J =] + |
IFCJ.LT.26) GOTO 223
L-mmmen- use highest two data points for energies above table

6070 212
211 AMU = MUGRHO(])

12 CEH;I%UE
84U = LOSINTUEVEY,E(J-1) 2030, MUSRHO(J=1) , MUTRH40(I))
\ET‘ RN
END
C-
FUNCTION ROCENTS(EXKEY)
Clninhn il Ax“ XA VNI AN SO A AN VAN TSNS S AT N N A VNS YA
REAL EU , MUSRMO(24), LOGINT
fmwama Alr mass absorptxon data from NSROS-NBS 29, 1949 pg 20 & 2!
DATA E/12.,15.,20,,323,,42,,52.,60.,892.,120.,1592.,2@2.,,220.,
{ 423,,522,,620,,222,,1229,,1833.,22320.,22323., ,4232.,,5823.,
2 6322.,82320.,122382, 13822,/
DATA MUCRHO/ 4.61,1.28,3.511,2,148,3.36469,.2425,.9325,.,08243,
{ .9234,.0258,.8268,.@288,.@295,.@296,.@295,.@289,.8278.
2 .9253,.22724,.2225,.0184,.2174,,2164,,2152,.3145,.,83132/
C

L----USE LOG-LJ5 INTERPOLATION
LOGINT (X, X1, X2,¥1,Y2) = EXP((ALOG(Y2)~-ALOGIYL))¢
1 (PLOGIX) -aL0G (X)) /(ALGBIX2)-AL0G (1)) + ALOGIYL))

C
c
J=2
e use lowest two data points for energies below table

FIEKEVLLTLE(LD)) GO TO 212
233 IF(EKEV - E(J)) 212,214,213
213 ) = J ¢+ |

[FCI LT, 26) 5073 222

Camomm=- use nighest two data points for energies apove table
GOTO 212

211 ROENTG = MUQRKO(J) # EKEV # 244,3353 /1002,
RETURN

212 CONTINUE
ROENTG = LOGINT(EKEV,E(J-1) E(J],MUDRHO(J~1) {MUORHO(J)) #
1 EKEV # 244,3745 /10@22.
RETURN
END




FUNCTION BUF (EXEV.MUR)

REAL E{(25), AL(25), A2(LlJ), ALPHA1(23), ALPHA2(Z3), ALPHAZ(23)

REal MUR, LOGINT, SEMINT

“CMMON /0LDJ/ EOLD, JOLD

JATA E/15,,22,,32,,42.,50.,63.,82.,1223.,122.,242.,322.,
!2233,,329.,622,,E33,,1220.,1592.,2393,,32983,,4222.,308¢2.,
2 6332.,32223.,13329.,13223./
DATA Al/1.289E!,4.953,1.833E1,1.18382,5.126E2,

1053123, 1,477E3,1.82383,1.24283,1. 22683,
.2S1E3,1.182E3,1.232 Ea.4 S16E3, 1. 192E2,
28E3,2. 94152,&.1‘9E 1.16282,1.923E1,
1EL, 1. Q47EL, 1. Q1L1EL,8.889,6.66L/
-3. 984‘ 1.-6 395:'1 -6,924E-1,-1.462E2, -6, 1992,
-2,3543E3,-2.735¢E 3.-2.317'3 -2, 4°E?,

y=2 3‘95 y=1.564E3,-4,533E3,~-1.333E3,
L74E83,-2.17 9:‘.-2 58/52,-6 74081, -1,417E1,
“5.270,-3.919,-3.345,-2,353,-1.495/
DATA ALPHA1/-2,539E-2,-1,958E-%,-3,174E-2,-2,8582E-2,-4.,2
-4,3536-2,-7.333e-2,-8.193¢E- .,-8 535€-2,-7.792E-2,
2 -5.5415-2.~3.858E-2,-2.8435-2,-1.751&-2,-1.2415-2.
3 ~1,2318-2,-4,954E-2,-3.784E-2,-2,398E-2,-2,5873¢E~-2,
4 -4,129€-2,-5.178E-2,-4.734E~2,-4,939E~2,-5.932E-2/

My
(}'ll

2/

£3,
fegd
-
-
(%]

DATA ALPHA2/3.955E-1,%,535E-1,9.333E-1,6.613E-3,-1.8352E-2,

l -2.5895-2,~4.189E-2,-4 753E-2,~5,32%5E-2,-4,773E-2,
2 ~J.475E-2,-1.6780-2,-1,351E-2, -1, 405E-2,-2. 1 41E-3,
3 -5,928€-3,-3.988E-2,-2,974E-2,-7.239E-3,2.354e-2,
4 5.0822e- .,7.3945-2,8.3215-2,9.1465-2.1.313E-1/

DATA ALPHAZ/-2.659E-2,3.524E-2,4,484E-2,6,737E~-2,6.337E~2,

1 6.545E-3,1.458E-3,~6,323£~3,-9.997€~-3,-9.998F-3,
2 1.5285-2.1.29 E-2,2.5686E-2,3.682E-2,4,240E-2,

3 7.513E8-2,-6.392E8-2,-4,562E8-2,-3,262E-2,-4,182E-2,

4 -5,271E-2,-6,295€-2,-5,450E-2,-5,524E-2,-5,774E-2/

* D P FACTOR DATA FRIM NUC SCI & SND 73 PG74 1991

—-a

—~
p ey

O-

5-L0G INTERPOLATION
NTLX, XI,XZ Y1,Y2) = EXP(AL3G(YZ)-ALOG(Y1))e
1 lA 3¢ n.JG(Xl))/(ALOG(XZ)*QLCS(Xl)) + ALOG(YL))
SEHIVT(X XI X2,Y1,Y2) = EXP{(ALQG(Y2)-ALOG(Y]))»
1 (X- X')/(XZ XI) + ALCG(YL):
Caewsse DO NOT LOOK UP CCNSTANTS IF YOU ARE NOT CHANGING ENERGY
IF(EKEY.EQ,ECLD! THEN
J = JOLD
5070 212
ENDIF
EOLD = EXEV

&

i

]

]

1

[ ey
— U w
)Y M w g
><l"‘

[}

J=2 :

L-=mwem=- use lowest two data points for enerjies below table
IF(EKEV.LT.E(L)) GO TO 212

293 IF(EKEV - E{(J)) 212,211,212

3,C,0,E,UR)= AEXP(-C#UR) +B#EXP(-D*UR)+(1~A=-B) +EXP (-E*UR)

146
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I=J ¢
IF(J.LT.25) 3070 232

-=--ugse highast two data pcoints for energies above table

G0TO 212

IF(MUR.3T.43.) 60TO 213

BUF = BF(AL(J),A2(J),ALPHAL(J) ,ALPHA2 (], ALPHAS(J) ,MUR)
WRITE(1,90@)EKEV,BUF,J,A1(J),AZ(J),ALPHAL (J),ALPHA2 (J) ,ALPHAZ ()
JoLD = J

RETURN

CONTINUE

IF (MUR.GT.43.) GOTD 213

X2z BF(A1(J),A2(J),ALPHAL (J) ,ALPHAZ(J) ,ALPHAZ (I}, HUR)

X1=BF (AL(J=1),42(J=17 ,ALPHAL (J~1) ,ALPHA2 (J=1) ,ALPHAZ(J~1),HUR)
BUF = LOGINT(EKEV,E(J-1),E(J),X1,%2)

JoLD =

RETURN

CONTINUE
~1F MFPS ARE BT 40 INTERPRET FROM END OF RANGE

X2=  BF{A1{J),A2(J) ., ALPHAL (J),ALPHAZ(J) ,ALPHA3(J),40.)

X1=BF (A1 (J-1),A2(J-1: ALPHAL (J=1) ,ALPHA2 (J-1) ,ALPHA3 (J-1),40.)
BUF2 = LOGINT(EKEV,E(J-1),E(J),X1,X2)

X2=  BF(A1(J),A2(J) ,ALPHAL(J) ,ALPHAZ(J) (ALPHA3(J),35.)

X1=BF (AL (J=1),A2(J=1) ,ALPHAL (J=1) ,ALPHAZ(J=1) ,ALPHAZ(J~1),35.)
BUF! = LOGINT(EKEV,E(J=1),E(J),X1,X2)

SUF = SEMINT(MUR,3S5.,42.,BUFtL,BUF2)

JoLdD = J

RETURN

END

FUNCTION BCONC(EKEV,RMFP)

-THIS FUNCTION CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
-CONCRETE LIKE MATERIALS FROM THE NBS SOLUTICON USING 12 PARAMETERS
-BY EISENHAUER AND SIMMONS REF NUC SCi AND ENG 56,263-278,1973

- R IS IN MFPS

REAL E(23), DO(25) ,MUC(25),LOGINT, MUCONC

REAL AQ(25),A1(25),A2(25),A3(25),A4(25)

REAL B@(25),B1(25),B2(25),B3(25),B4(25)

REAL#8 BFC

COMMON /0LDJ2/ EOLDZ2, JOLD2

DATA E/15.,20.,30.,40.,50,,40,,68,,100.,150.,200.,300.,

1 400.,500.,600.,800.,1800.,1500,,2009.,3200.,4003. ,5000.,
2 6000.,8000.,10000.,!5000./

DATA MUC/B8.0120,3.4459,1.1160,0,5588,0.3408,0.2734,0.2004,0.1704,
! 0.1399,0.1250,0.1873,0.9958,0.08873,0.0807,0.0789,
2 0.0637,0,0519,0.0448,0.0345,0.08319,0.0290,0,0278,0.0245,
3 2.0231,0.0215/

DATA DO/@.1589,0.1487,8.1327,0.1200,0.1128,

1 2.1118,0.1215,0.1376,08.1791,0.2149,0.2498,
2 0.3086,0.3409,0.3674,0,4085,0.4404,0.4961,
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3 3.5280,2.5479,0.5938,0.4158,2.56241,0.6425,0,6560,0.56476/
DATA AQ/1.1135E-2,2,4283E-2,0.06645,08.11734,2,1357913,

| ©.18644,08.22372,0.24651,8.27760,0.29829,8,31837,

2 3.32929,0.33559,3.33965,0.34413,0.34678,0.35110,

3 8.35445,0.35691,0,35425,0,34788,0.33878,0.314686,

4 9,29369,0.24038/

DATA A1/-9.001:583,-D.0024618,-08.0060622,-0.0092903,

1 -9,015356,+0.025044,-0.010144,0.0240674,0.021783,

2 0.029893,0.012225,0.08095543,0.0044976,0.0073127,

3 0.0091422,0,0098983,0.012014,0.0099221,0.0078632,

4 0,010371,0,040628,0,230809,-0.013397,-0.016610,-0.0029308/
DATA A2/5.483E-04,1.2409E~03,3.9089E-027,8.6343E-03,

1 1.5169€-082,1.,1833E-02,3,7832E-22,3.235%E-02,2,9878E-02,

2 4,8446E-02,

3 5.5001E-02,5.0474€-02,2,2018€E-02,2.70i2E-92,2,2857E-02,

4 2,0876E-02,1,9785€E-02,1,9204E-02,2. 1801E-02,3.9089E-02,

5 -9.3942E-23,-8.8533E-03,2,8838E-02,2.7261E-02,-1,9101E-02/
DATA A3/2,15Q3E-04,5.0984E-04,1,7224E-07,4.0328E-02,

1 7.5754€E-03,1,3153€E-03,3,0337£-82,2.46207E-02,3.1913E-22,

2 B8.2357E-02,1.,0486E-01,1.1029E-01,3.4039E-02,3.1744E-02,

3 4.4123E-02,5,0435E-02,5.2275E-02,4.9103E-02,3.9008E-02,

4 2.9853£-02,2,8888E-82,2.5995E-82,1.8330E-02,1.4@79E-02,

5 2.28170 -82/

DATA A4 ~,2382E-05,1.0829E-24,3.9925€-04,1,8308E-03,
2.2527.-03,0.00000000,1.2457€-92,3,1514E-26,5.8041E-02,
~1.460LE-04,-8,.6411E-04,-6,3551E-098,1.08539E-01,9.4382E-02,
7,3809E-02,5,9498E-02,4,0714€-02,3.21725+-082,2.2187E-02,
2.8070E-03,6,7348E-05,3,5701E-03,1.5404E-03,3.46397E-07,
9.8532E-83/

DATA BB/0.57471,8,56384,0,54853,0.53850,0.53787,

{ 2.54758,3.57172,0.60062,0,65913,0.£9464,0.73934,

2 2,76455,0.78166,0.79363,0.60851,0.81671,0.82277,

3 0.81861,8,80447,0.79201,0,78176,08.77269,0.75988,

4 0.75116,0.73974/

DATA B2/0.72704,0.71518,0.479814,0,68724,0.68395,

1 2.90637,0.69136,0.86298,0.77287,0.84634,0.,82898,

2 8.82998,3.76467,0.79645,0.83349,0.80482,0.79882,

3 8.79546,0.81708,2.85749,0.726880,0.63341,0,85214,

4 0.86119,0.55119/

DATA B1/0.42393,0.41368,0.39364,0.346010,0.28648,

1 8.70718,0.803308,0,469185,0,68532,0.71979,0,68807,

2 8,65925,8,567462,0,56849,08,57175,8.55269,0.52348,

3 0.50858,0.44877,0.30734,0,83930,0.83941,0.57962,

4 0.56105,0.85134/

DATA B3/0.87317,08.865086,0.85649,0.85396,0.85703,

! 1.004364,0.85532,0.90931,0,87818,1.01431,1.01389,

2 1.20620,0.87305,0,90888,0,91929,0.91359,0.91245,

3 0.9@841,0.91102,0.96145,0,946388,0.94894,0.93976,

4 0.97377,08.8b6292/

DATA B4/0.964408,0,96154,0.95995,8.96110,0.96562,

1 1.00000,0.98034,1.17560,1.00645,1.09682,1,087209,
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1.34178,1.03139,0.99331,0.59455,0.99148,2.93747,
2.98542,3.98436,1,91553,1,12398,1,03529,1,31191,
1,22922,2.97741/
BFC(R,U,AQ,A1,A2,A3,A4,88,31,82,83,84,D00) = | + (
| A2#UsR#DEXP(-DBLE (U*R/BB) }+A1# (UsR/B1) ##2+DEXP (~DBLE(U*R/B1))+
2 42 ¢ (U#R/B2)##2 # DEXP(-DELE(U*R/B2)) +
3 AZ ¥ (U*R/B3I)#+2 # DEXP(-DBLE(U*R/BI)) +
4 A4¥(UR/B4) ¥#2%DEXP (-DBLE (U*R/B4)) )/ (DO*DEXP (=DBLE (U#R)))
C----USE LOG-LOG INTERPOLATION
LOBINT(X,X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(Y1))*
I (ALOG(X)=ALOG(X1))/ (ALOG(X2)=ALOG(X1)) + ALOG(YL))
R = RMFP / MUCONC(EKEV)
c WRITE (#,1830) 'BCONC 2',EKEY
Casx##% DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY
IF(EKEV.EQ.EOLD2) THEN
J = JoLD2
60TO 212
ENDIF
EOLD2 = EKEY

4 4 ra

J=2
L-owumw- use lowest two data points for energies below table

IF{EKEV,LT.E701)) 60 70 212

229 IF(EKEV - E(J:) 212,211,212

20 J=4d ¢+
IF(J.LT,25) GOTO 220

C--emm=- use highest two data points for energies above table

GOTO 212

211 BCONC=BFC(R,MUC(J),AB(J) RI{J),A2(0),A3(J),A4(J),BR(J)BL(J),
{ B2(J),B3(J),B4¢d),DG(I))
URCONC = R » MUCO)
JoLp2 = 4
RETURN

212 CONTINUE
X2=BFC(R,MUC(J),AB(J) AL (J) ,A2(]),A3(J),A4(J),BB(J),BLI(J),B2(J),
{ B3(J),B4(J),D0(J))
K =J =1

X1=BFC(R,MUC(K),ARB (K} ALK} AR2(K),A3(K) ,A4(K),BB(K),BI(K),B2(K),

1 BI(K),B4(K),DO(K))
BCONC = LOGINT(EKEV,E(J=1),E(J),X1,X2)
URCONC = R # LOGINT(EKEVY,E(J~{),E(J),MUC(I=-1),MUC(I))

JO0LD2 = J
RETURN
END
C-
REAL FUNCTION MUCONC(EKEV)
C----~ this fucntion calculates mu over rho for concrete in cm2/gr
REAL E(23), MUORHO(23), LOGINT
Crmm=- mass attenuation data from Nuc Sci & Eng 56 pr 267, 1975
c

DATA E/15.,20,,30.,40.,50.,68.,80.,102.,150.,208.,300.,

.
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1 420.,500.,600.,800.,1202.,1522.,2000.,3002.,40200,,5000.,
¢ 4223.,80032.,12200.,15200./
DATA MUORH0/8.2:20,3.4459,1.1183,0,.5588,0,3428,2.2734,2,2324,
1 2.1704,2,1399,2.1259,4.1873,0.08958,0.0873,2.9627,0.92729,
2 0.2637,2.0519,D.2449,0.9365,08.0319,0.2292,02.2279,0.2245,
3 9.2231,8.0215/
C
L----USE LOG-LOG INTERPOLATION
LOGINT (X, X1,X2,Y1,Y2) = EXP((ALOG(Y2)~ALOG(YL))#
1 (ALOG(X)-ALOG(X1))/(ALOG(X2)-ALOG(X1)) + ALOG(Y1))

e use lowest two data points for energies below table
[F(EKEV,LT.E(1)) GO TO 242
200 IF(EKEV = E(J)) 212,211,243
210 3 = J + |
IF(J.LT,26) GOTO 200

Lomem==- use highest two data points for energies above table
GOTQ 212
211 MUCONC = MUORHO(J)
RETURN

212 CONTINUE
MUCONC = LOGINT(EKEV,E(J-1),E(J) ,MUORHO(J-1) MUCRHO(JI))
RETURN
END
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APPENDIX C

CLOUD PROGRAM DESCRIPTICN AND LISTING

The Cloud program calculates the DRFs for a cloud
sourc®2 when the detpctor is cazntered at ground level inside
a structure. The program modal is discussed in Saction 2.8.
Required input includes the squivalent radius of the
atructura2, and tha mass thicknass of thae walla.

When the Cloud program is run, it will ask for input
data as shown in Figure 28. The first input required is a
title and date for the ocutput listing. The program then
requires the squivalent radius to the inside of the assumed
hemi-spherical structure, followed by th2 mass thickness of
the wall. The program than asks the "Do ycu wish to spacify
a maximum cloud height?" followed by "Do you wish to spacify
a maximum cloud radius?"'. Normally the answe? to bot
questions would be no (n). A yes (y) answer to either
question would allow the study of the effacts of limited
cloud size on the exposures or DRFs (see Section 2.7). The
program then calculetes the resultant DRF's for the PNR—Z
(RSS) cloud spectra, the 1-Hr bomb fallout spectra, and the
™I
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Breloud

INPUT TITLE/DATE OF OUTPUT

Smsall Wood House., 14 Sept 1984

INPUT RADIUS TD INSIDE OF WEN]-SPWERE IN METERS 5.
INPUT MASS THICHNESS OF WALL IN gr/cmee2 10,
DO YOU WISH TO SPECIFY A MAXIMUM CLOUD HEIGHT?, Y or N

|

y

Input MAXIMUM CLOUD HEIBHT 1n saters (0028, !
D0 YOU WISH TO SPECIFY A MAXImMUM CLOUD RADIUS®, Y or N

1
y
| Input MAXIMUM CLOUD RADIUS in aeters 1582,

FIGURE 28 Typical Computsr CRT Display During Initiation of
Cloud_Program,



s §

|

133
cloud spectra followzd by the CRFs for enmrgies from 135 KaV
to 13 M2V, A typical output listing in shown in Tabla 15,

Tha program calculatea th2 unprotacted oxposure in R
par Curiz2 of airborna radiocactiva material per cubic meter.
Tha program then finds the protected exposure from tha
exterior cloud source, followad by the exposure from an
intarior clcud containing 1| Curie per cubic mater of
radioactive material. The DRFs are calzulataed from the
unprotected and protected exposuras. Tha protected
exposures ar2 then compared to the protoected axposure from a
PWR-2 (RSS8) cloud spectra. Tha last column of data i3 the
exclusion factor discussed in Section 2.9.2. The progranm
aszsumes one gamma par disintegration for tha | Hr. bomb
fallout, the PWR-2 cloud (RS55-Cloud) and the individual
gamma energy calculacionrs,.

The program is written in Migroscft FORTRAN 3.13. This
iz a version of FCRTRAN 77. Tnarp ara no non-standard
FORTRAN commands in the program. The program was run on a
Taxas_Instruments_Professicnal _Computer (PC) which uses an

i i e S e s e e . . e .t o o s i M it g e ! L it s e i ot s it S i e s L

"un under the MS-DO3S 2.11 operating system. However, it
should run on any computer capable of using FORTRAN 77. The
progfam takes approximately 25 minutes running time.
Caution, the program is written is FORTRAN, the input

raquires decimal points. The program may not converge to an
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answer for low @nergies (18 and 20 KaV) for wall thickness
gr2atar than abcocut 22 gr/cm®. This ‘s because the sxposures
ar2 le2ss than 8.472-37, which is the limit of ftha asingla
pra2cision data type used for real variables,

The MAIN program diracts the input and output of the
program data. 3ubroutine SIMFS carries out the integrations
by using Simpson’'s rula. The number of incraments is
automatically irncreased untii the dasired accuracy is
cbtained. Subroutine PROTECT speeds the intagration of the
hami-gpherical source by dividing the source into shells
which convaerge to integrals faster. Function DHEMI finds
the kernel for the unprotected cloud source. Function DSPHER
calculates the kernel for the protected cloud gource.

Function AMU finds the mass attenuation coefficient for
air. Function BUF finds the buildup factor for air.
Function MUCGNC finds the mass attenuation coefficient for
the walls. Function BCONC finds the buildup factor for the
Qalls. Function ROENTG finds the factor for converting flux

to exposure.

The listing cf the Cloud program follows.
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PRCGRAM CLOUD
CHARACTER CTITLE#Z3,YORN#!

INTIZER IN, OUT

RTAL E(23)

RTAL HHMAY,RMAY,E330UP(23,4) ,FRACTI(22,4
SXTIRNAL F, DHEMI,DEPHER

£oMMON JENERSY/EKEY

COMMON /SIIE/ WALLDS,WTHICK,RMAX,HMAX,RY
COMMCN /EXPOS/ TOTEXP,TOTUNP,EXPOSE
CCMMGN /INOUT/ IN, OUT

co“nou /0LDI/ EOLD, JOLD

MMEN /0LDJ2/ EDL“Z. JoLb2

DATA £/15.,22,,33.,43,,50.,42.,83, 128, 152, ,222., 322,
I 423, ,522.,622.,642,,332,,1223,,1173.,1332., 1322,
2 2223.,3222. 4222, , 532 ., 40822.,8303, 10822, ,153222./

DATA EGROUP /52.,323.,752.,1%522.,2520.,15+2,,

! 25.,75.,152..2, ., 352.,522.,722.,920. 1155, ,

2 1332.,1332.,2253.,2752.,3520, ,4522, ,5+¢. ,

3 2633,,2428.,2192,,1853.,1553.,898, ,852.,

3 812,52 7.,353.,252.,233., 191, 166, ,81.,28, 442, ,
S 31, ,164,,284, 354,537, ,662,,723.,13%0,/

DATA FRACT /.3493,.3359,.1476,.1041,.8732,15%2,,

! .2271,.2137,.8737,.2476,.2929,.1373,.1717,.1627,
2 .2889,.0957,.8299,.0397,.0148,.0042,.003¢,5+2.,
3 .323229,.20319,.02164,,92191,.00127,

4 .22:18,.32279,.22732,.0148,.222454,

S .22 2,.20252,,08319,.23637,.2764,.020637,44#2,,

b ,3694,,222232,.000054,,0202819,.000268,.032042,.000214,13+2./
R R I NIY
CrenavenarnaerssINPUT TITLE FOR EACH LISTINGH #4220 4450480820200 %

837 FORMAT(1HA,25X, 'CLOUD SOURCE WITH WALL WRITTEN 22 JUNE 1984")

R SRR SR L R R RN E N R R R R R R AR R R AN R E R R AR AR RS R FE R R RE R R AR AR R AN Y
C+++++CHANGE EPSON FX-83 PRINTER 7O COMPRESS MCDE

CPEN (L FILE='LPT! ,STATLS='NEW',ACCESS='DIRECT’

! ,FORM="UNFORMATTED ,RECL=1)

WRITE (1)27,18

CLOSE (1)

QPENI(L,FILE="LPTL")

QuT = |
ECLD = 3.3
EQLD2 = 2.3
IN = 0
WALLDS = ,2
Comm-- Assume walls and roof are .2 meters thick.
Rt ol Tl ol ot o Rl h WA LR A AR KA AN RN AR AN LR AT Ah K%
WRITE (#,292)
298 FORﬂAT(xx CINPUT TXTLE/DATE 0F QUTPUT ")
READ (%, 291)CTITLE
291 FORHAT(ABB)
292 FORMAT(1HQ,25x,A8D)
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YA N AN N AN AR S N A A Y A Y Y Y AR AR Y A A A A A A A A A Y X X X Y X XX XY
320 WRITE(#,301)
331 FORMAT(LX, INPUT RADIUS TQ INSIDE OF HEMI-SPHERE IN METERS ', \J
332 READ (#,303) RI
333 FCRMAT(F13.4)
WRITE(#,324)
I04 FORMAT(IX, 'INPUT MASE THICHNESS OF WALL IN gr/cm##2 W)
READ (#,303) WTHICK
293 WRITE(#,294)
294 FORMAT(1X,
{1 'DO YOU WISH TO SPECIFY A MAXIMUM CLOUD HEIGHT?, Y or N")
READ (#,295) YORN
295 FORMAT(AL)
TF(YQORN,EG. "Y' ', OR,YORN,EQ, "'y') THEN
WRITE (#,294)
296 FORMAT(1X, Input MAXIMUM CLOUD HEIGHT in meters ',\)
READ (#,303) HMAX
ELSEIF(YORN.EQ. 'N',OR.YORN,EQ, 'n") THEN
HMAX = 1E+3D
ELSE
5070 293
ENDIF
297 WRITE(*,298)
298 FORMAT(1X, :
{ ‘DO YDOU WISH TO SPECIFY A MAXIMUM CLOUD RADIUS?, Y or N')
READ (#,295) YORN
IF(YORN.EQ, 'Y .OR.YORN,EQ.'y') THEN
WRITE(#,299)
299 FORMAT(1X, 'Input MAXIMUM CLOUD RADIUS in meters ',\)

READ (#,3083)RMAX
ELSEIF(YORN.EGQ. 'N'.OR.YORN,EQ. 'n") THEN
RMAX = 1E+3Q
ELSE
GOT0 297
ENDIF
WRITE(OUT,B887)
WRITE(OUT,292)CTITLE
WRITE(OUT,BQ8)
WRITE(OUT,B09) Ri
WRITE(OUT,B13) WTHICK
WRITE(QUT,B11) HMAX
WRITE(OUT,B12) RMAX
WRITE(OUT,803)
WRITE(QUT,BQ4)

CaRReeaR200800040002000000030200008000834023000200 AR AR RARARAREAAREE
CR@AR@ ROUTINE TO FIND DRFS FOR SPECTRA

DO 58@ NSPEC = 1,3,+1
DOSUNP = @,

DOSCLD = 2.

DOSINT = @,

DO S@1 IEKEY = 1,20




08
JOSUNP,DOSCLD, DCSINT,

EXEY = ESRCUP(IEFEV, NSPELD)

FROT = FRACT(IEKEV NSPED)
JFAFRCT.EQ.2) 3373 2t

N3ITE(#,235) EKZV

C-v-=- LIT YIU KNCA PRCGRAM IS RUNNING

Call PROTICT(EXKZVY

CALL SIMPSI3,,RI,1.E-S,DINT, DHEX])
DIZUNP = LOSUNP + FRCT % TOTUNP
JDECLD = DOSCLD + FICT # TOTEXP
D3SINT = DOSINT + DINTV # EXPOSE # FRCT

531 CONTINUE

DRF = DOSCLD/DOSUNP

TF(NSPEC.EQ.!) DRF3MB = DRF

RATIOJ = DRF/DRF3HM3

ZiCLUDSE = USCLD/ 20SCLD + DOSINT)
IFINZPEC.EQ. TE\JJT,SE )
{ DRF,RATIO, EXCLJ

IF(NSPEC,EQ 1) d?iT'(OUT,SiQ)DDSUNP.DDSCLD,VDSIJT.
! J3F,RATIO,EXCLUDE

IF(NEPEC, Ed JVHRITE(QUT,

{ DRF,RATIO,EXCLUDE
IF "JSF’-u.:Q 4)
{ CRF,RATIO,EXCLUCE
‘53 CDNTIVUE

33328 routine for genertat 1ng enpfgy taale
D0 331 IEKEY = 28,1,-1
EKEY = E(IEKEV)
WRITE (#, 836 EKEV
825 FCRMAT( "E(KeY) = 1 ,613.35,\)
Commn- LET YZU K<Cd PROGRAM IS RUNNING
DI5UNP = 2,
DC3CLD = 2,
DOSINT = 2.
CALL PRITECT(EKEV)
CALL SIMPS(2.,RI, 1. E-S,DINT,DHENT)
DOSUNP = DJSUNP + TOTUWP
DC3CLD = Z2SCLD + TOTEXP
DOSINT = DOSINT + DINT # EXPOSE
DRF = [OSCLD/CUCSUNP

RATIO = DRF/DRFEMB
EXCLUDE = DOSCLD/(DQSCLD + DOSINT)
ERRLIM = 1,E-3D
IF (DOSUNP,GT.ERRLIM) THEN
DRF = DOSCLD/DOSUNP
ELSE
JRF = 2.
ENDIF
ONEMEX = 1, - EXCLUD

WRITE(QUT,822) EKEV,DOSUNP,DOSCLD,DOSINT

! ,DRF,RA(10,EXCLUDE

WRITE(DQUT,537)DO3UNP,DOSCL

--------------------

5261 D0OSUNP,DOSCLD, DOSINT,

DyDCESINT,
......... @eage
@@33@933832@@@@@@@@§
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8a1 CONTINUE
832 CONTINUE
332 FORMAT(1X,25Y,F7.1,4¢,6(51d.4,40)
337 FORMAT(1H@,25x%, E{KeV) ,5X,
{ "R/nr/Ciea3 ,4X,"R/hr/Ciead’ ,4X, R/hr/Ci#a3’ ,4x,
2 DRF 7,9, 'R/R{RES) ", AX,
3 "Exclusion’)
834 FCORMAT(1X,25X,12X, Unprotacted’,3X, Protected’,Sx,
{ “fren int, ", 5X,14X,14X, Factor’)
838 FORMAT(IH2,25X, Integratindn to 12 MFPe in air, ")
809 FORMAT(!X,25X, 'Equivalent radius of swtructure = ',F9,7,’ nmeters’)
B13 FORMAT(1X,25X, 'Mass thickness of walls = ' F9,3,  gr/cmex2’)
B11 FORMAT(1X,25X, Maximum cloud height = ',F12,3,' meters’)
812 FORMAT(1X,25Y%, 'Maxinaum cloud radius = ",F12,3, meters’)
S35 FCRMAT(1X,25X, 1,12 HR, ",2X,6(G13.4,4X))
513 FORMAT(IX,25%, "R8S-CLOLD " ,2X,61(512.4,4X))
J4 FORMAT(IX,25X, 'TMI-CLOUD ,2X,6(512.4,4X)
S37 FORMAT(L1X,25X%, SL1-CLOUD ,2X,5(513.4,4X))
STQOP
END
c
SUBROUTINE PROTECT(EKEW)
REAL TOLER(I1Q),DMFP(1Q) ,KERN,MFP
EXTERNIL DHEMI,LSPHER
COMMON /SI12E/ WALLD3,WTHICK,RMAX,HMAX,R1
COMMCN /EXPOS/ TOTEXF,TOTUNP,EXPOSE
DATA TOLER/!.E~4,1.E-4,1,E-4,1,E-4,1,E-4,1.E~4,
{ 1.,E-4,1,E-4,1,E-3,1.E-2/
DATA DMFP/.2032,.01,.05,.1,.2,.5,1.,3.,5.,12./
C-=-=-- RKO = DENSITY OF AIR AT 3TP 2.001293 gm/cm#+]
RHO = 2.2021293
AMUEKEY = AMU(EKEV)
MFP = AMUEKEY # RHO #1020,
EXPOSE = ROENTG(EKEV)
Lavmm= DISTANCES ARE IN METERS, MU IN INVERSE CENTIMETERS, XJ IS IN MFPS
TOTZXP = Q,
TOTUNP = 2.,
Ni=2
N2=23
DO 3¢5 J = 1,12
XJ = DMFP(J)

TQL = TOLER(J)
Cessss JF R! IS GREATER THAN XJ DO NOT INTEGRATE BACKWARDS
XJM{ = (R! + WALLDS) # MFP
[F(XJ,LE.XJM{) GOTO 805
Nl = N{ + |
D2 = XJ/HFP
[F{D2.GT.RMAX) THEN
D2 = RMAX
N2 = N2 + |
ENDIF




bl

[F(NL,ZQ. 1) THEN

XXJHL = XJMI
X20ML = @,
g1 ac
X3AL = DuFP

{J-1)
X23iM1 = DMFPI(J-1)
END IF

Dl = XJMLI/MFP
D21 = X2IM1/MFP
022 = 02

CALL SIMPS(D1,D2,70L,KERN,DSPHER)

CALL SIMPS(D21,D22,7T0L,UNSHLD,DHEM])
TCTEXP = TOTEXP + EXPOSE # KERN

TOTUNP + EXPCSE # UNSHLD

J

SURROUTINE SIMPS(LOWER, UPPER, TOL, SUM, F)
Cilii{’!ii"i'!iiiiifiiiiii}if*iiiii*iii**ifiilii**iill
C NUMERICAL INTEGRATION BY SIMPSON'S RULE,

INTEGER IN, OUT, PIECES, I, P2

REAL X, DELTA, LOWER, UPPER, SUM, TOL

REAL ENDSUM, GDDSUM, SUM!, EVSUM

COMMON /INOUT/ IN, OUT

PIECES = 2
DELTA = (UPPER - LOWER) / PIECES
NDDSUM = F(LOWER + DELTA)
EVSuM = 3,2
ENDSUM = F(LOWER) + F(UPPER)
SUM = (END3UM + 4 # CODDSUM) # DELTA / 3.8
PIECES = PIECES + 2
P2 = PIECES / 2
SuMi = SUM
DELTA = (UPPER - LOWER) / PIECES
EYSUM = EYSUM + ODDSUM
0DDSUM = 2.2
Do 1@ ! = |, P2
X = LOWER ¢ DELTA & (2 » [ - 1)
CDUSUM = QDDSUM + F(X)
13 CONTINUE
SUM = (ENDSUM + 4,0 #CDDSUM + 2.0 # EVSUM)

(&)

* v DELTA / 3.8

IF(ABS(SUM - SUML) ,GT. ABS(TOL # SUM)) GOTD 5
RETURN

END

c
FUNCTION DHEMI(R)

Cesswwsne POINT KERNAL FOR A DISK SOURCE
REAL MFP

.............
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COMMON /ENERGY/ EKEV
COMMON /SIZE/ WALLDS,T,RMAX,HMAX,RI
MFP = AMU(EKEV) # 2.021293 # 132, + R

3U = BUF(EKEV, MFP)
sa = 1,

CHEM] = ,543UeSA+EXP (=4FP)
IF(R.GT.HMAXD DHEMI = DHEMI * HMAX/R
RETURN

END

c
FUNCTION AMU(EKEY)
C MASS ATTENUATILN IN cme2/gr
REAL E(26), MUCRHO(26), LOEINY

Lamcns AIR MASS ATTENUATION DATA FRUM RADIOLOGICAL HEALTH HANDBCOFK
C--n--- y JAN 1972, P31I7
-

DATA E/12,,18,,77%,, 73, ,42.,%2.,62.,30.,122.,152.,222.,322.,

i 432 ,522.,629 .,:ua.,xaaa..1‘30..23@3.,33%3.,4239..,aea..

2 4£233.,8022.,13222,,158223./

JATA KUCRHO/ 4,99 1.55,2,7352,0.349,3. 248 3.239,3.188,3.1567,d.134,
1 2.136,2,123,9.127,2. 39‘4 2.8872,2.2835,0.2737,8.2434,

2 3.3519 2. 3445 4.2153,3. 8338 2. 3275 3.9252,3.2223,

J 2.3224,d.2181/

c

C----USE LOG-L0G INTERPOLATION

Coowasl ININTOX, XL, X2,Y1,Y2) = (Y2-Y1)#(X=X1)/(X2-X1) + YI
LOGINTUX, X1, X2,Y1,¥2) = EXP{LALOG(Y2)-ALOG (Y1) )
1 YALCG (N =ALCG (X)) 7 (ALOG (X2 =ALDGIX1) ) + ALOG(Y())

c

¢
J=2

Creommem- use Jowest two data points for enerjies below table
[FOEXEY,LT.E(LY)Y GO TO 212

239 IF(EXEY - 2(1)) 212,211,210
213 J =] + ¢
IFUJ.LT. 26 3270 222
pmm————— use highest two data points fur enerjies above table
GQTO 212
211 AMU = MUCRKO(J)
RETURN
212 CONTINUE
AMU o LAGINTUEKEV, E(J=1),E(J0) , MUBKHD (J=1) , MUSRHO (I ))
RETURNM
END
c
FUNCTION DSPHER(R)
Cessovenes POINT XERNAL FOR A SHERICAL SOURCE
REAL MUAIR,MFPY MFP2,MFPS MUCONC MFP
INTEGER IN, 0OUT
COMMON /ENERGY/ EKEV
COMMCN SIS/ WALLDS,T,RMAX,KRAX,RY
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COMMON /INCUT/ IN, OUY

Lomemm ASSUME ROOF 5 .2 METERS THICK
MUAIR = AMUIEKEV) ¢ 2,301092
MFP{ (R -R1 = WALLDS) # MUAIR ¢ 13,

MEP2 = T & MUCTNC(EKEV)
MFPI = Rl & HUSIR ¢ 132,
MEP = MFPL ¢ MFPZ ¢ MFF3J
Bl = BUF (EKEV MFP!{)
82 = BCONC(EKEZV MFPl+MFF2)/3CONC(EKCY MFPL)
B3 =z BUF(EKEY MFPI+MFP2+MFPZY) /BUF(EKEY MFPLI~MFP2)
BU = BteB24537
A = 1,
[F((MFP2,06T,43,).0R, (MFP1+MF23,57.43.5) THEN
DSPHER = 2.
RETURN
ELSE
DSPHER=,5#BU#5keZ(FP (-MFP)
ENDIF
IF(R.GT.HHAX)DSPHER = DSPHEP # HMAX/R
RETURN
END
c
FUNCTION ROINTG(EKEV)
VSN S NN NN A SN SRS S A R AR N S A A A A S A A RN AN R A A N AN S Y A A AN S R S XXX X XA YA Y XX IR
c This function ccnverts BUF adjusted flux to Rem##2/hr/Ci
NIV SNSRI R RS A NS X NN AN A AN RS A AN YA SRR R Y XXX A Y YA
REAL E(24), MUGRHO(24), LCSINT
L-m=v= Air mass absorption data from NSRDS-NBS 29, {969 pg 20 % 2}
DATA E/10Q,,15.,29,,30,,409,,52.,469.,80.,100,,15@8.,200.,3280.,
{ 400.,500.,622,,883.,10922.,1542,,200Q2, ,3002.,4000.,5022.,
2 6222.,80200,,10323,,15009./
DATA MUDRHO/ 4,41,1,28,0.511,0.148,0.086569,.04064,.08305,.0243,
1 .0234,.0250,.0245,.0288,.,9295,.0296,.0295,.0289,.0278,
2 .0254,,0234,,0225,.0184,.0174,.0164,,08152,.,0145,.0132/
C
L~----USE LOG-LOG INTERPOLATION
LOGINT (X, X1,X2,Y8,¥Y2) = EXP((ALOG(Y2)-ALOG(Y1))+
P (ALDG(X) -ALOG(X1) )/ (ALOG(X2)~-ALOG(X1)) + ALOB(Y1))

J=2
Commemmm use Jowest two data points for energies below table
IF(EXEV.LT.E(1)) GO TO 212
282 IF(EKEV - E(J)) 212,21(,212
218 J =3 + |
IF(I.L7.26) GOTO 200

C-=~---- use highest twc data points for energies above table
GOTO 212
211 ROENTG = MUDRKO(J) # EKEV ¢ 244,3365 /1890,
RETURN

212 CONTINUE
ROENTG = LOGINT(EKEV,E(J=1),E(J) ,MUORHO(J~1} MUBRHO(J)) +
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1 EKEYV # 244.3343 /10082,
RETURN
END

FUNCTION BUF (EKEV,HUR)
REAL E(25), A1(25), A2(25), ALPHAL(25), ALPHA2(25), ALPHAZ(25)
REAL MUR, LOGINT, SEMINT
COMMON /0LDJ/ EOLD, JOLD
DATA E/15.,20.,30.,48.,52.,69,,90.,120.,150.,200.,3¢0.,
1 400.,500.,600.,800.,1000.,1520.,2000.,3000.,4000.,50%0. ,
2 4£200.,8200.,18003,,15200./
DATA A1/1,258E1,4,960,1.039€1,1.183E2,5. 1B6E2,
{ 1.641E3,1,477E3,1.503E3,1.242E3,1.,206E3,
2 1,251E3,1.182E3,1,232E3,4,316E3,1. 102E3,
3 1,128€3,2,.941€2,4,159E2,1,162E2,1.928E1,
4 1,251E1,1.047E1,1,811E1,B,889,6.661/
UATA A2/-3,9B4E-1,-b,395E-1,-6,924E~1,-1,462E2, -6, {BIE2,
| -2.712E3,-2.543E3,-2,736E3,-2,317E3,-2. 149E3,
2 -1.756E3,-2,019E3, -1, 664E3,-4,588E3,-1.308E3,
3 -1.174€3,-2,179E2,-2,687E2,-6.7T40E1,~1. 417E1,
4 -5,371,-3,919,-3,046,-2,360,~1.496/
DATA ALPHA1/-2,509€-2,-1,858E~-3,~3.174E-2,-2,852E-2,-4,231E-2,
{ -4,888E-2,-7.303E-2,-8,190E-2,-8,534E~2,-7.7BRC-2,
2 -5.541E-2,-3.850E-2,-2.843E-2,-1,751E-2,-1.141E-2,
3 -1,831E-2,-4.9644E-2,-3,784E-2,-2,395E-2,-2,575E-2,
4 -4,129E~2,-5,176E-2,-4,734E-2,-4,839E-2,~5,032E-2/
DATA ALPHA2/3.955E-1,5.505E-1,9,@30E-1,6.613E~3,-1,852E-2,
{ -2.589E-2,-4.109E-2,-4,753E-2,-5.825E~2,-4,773E~2,
2 -3.475E-2,-1,678E-2,-1,351E-2,~1,406E-2,-2. 141E-3,
3 -5,925E-3,-3,980E-2,-2,974E-2,~7,309E-3,2. Q54E-2,
4 5.030E~2,7.394E-2,8,321E-2,9, §46E-2,1,018E~1/
DATA ALPHA3/-2,659E-2,3.524E-2,6,484E-2,6,739E~2,6,537E-2,
| 6.546E~3,1,458E-3,-6,323E-3,-9,997E~3,-9.998E-3,
2 1.,528E-2,1,292E-2,2.684E-2,3.482E-2,4.240E-2,
3 7.813E-2,-6,392E-2,~4.,662E-2,-3,262E-2,~4.,182E-2,
4 -5,231E-2,-6,205E-2,-5.452E-2,-5.524E~2,~-5,774E~2/
# BUILD UP FACTOR DATA FROM NUC SCI & END 78 PG74 1981
BF(A,B,C,D,E,UR)= A*#EXP(-C¥UR) +B*EXP(-D*UR)+(1~A=B) sEXP (-E¥UR)
C----USE LOG-LOG INTERPOLATION
LORINT (X, X1,X2,Y1,Y2) = EXP((ALOG(Y2)-ALOG(Y1) )+
1 (ALDG(X)~ALOG(X$))/(ALOG(X2)-ALOG(X1)) + ALOG(Y1))
SEMINT (X,X1,X2,Y!,Y2) = EXP((ALCG(Y2)-ALOG(Y{))#
I (X=X1)/(X2-X1) + ALD3(Y1))
Ce#s## DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY
IF (EKEV,EQ.EOLD) THEN
J = JOLD
G0TO 212
ENDIF
EOLD = EKEV

Cansr

J=2
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--us2 lowast two data points for energias baiow tabla
IF(EKEV.LT,E(LY) B0 1O 2¢2
IF({ZKEV - E(J)) 212,211,212
J = J + |
TF(J.LT.25) GOTQ 2382

--use highest two data points far energias above table
§aTo 212
IF (MUR.GT.40.) 5070 213
BUF = EF(AL(J),A20]) ALPHAL (J) ALPHAZ/]) \ALPHA3(J) ,MUR)
WRITE(L,92Q)EKEV,BUF,J,AL(]),A2(0),ALPHAL(J) ,ALPHAZ(J) JALPHAZ(])
JOLD = 7
RETURN
CONTINUE
IF(MUR.3T.48.) 3070 213
2= BF (A1 (35 ,A2(J) JALPHAL(J) (ALPHAZ(J) ,ALPHAZ(J) (MUR)
XL=BF(AL(I-1),A2(J-1) ,ALPHAL(J-1) ,ALPHA2(J-1) ,ALPHAZ (J~1) MUR)
BUF = LOGINT(EKEV,E(3-1),E(J),X1,X2)
JoLd =4
RETURN
CONTINUE
IF MFPS ARE BT 42 INTERPRET FROM END OF RAMNGE
X2= BF(A1(J),A2(J) ,ALPHAL(J) ALPHAZ2(J) ,ALPHAZ () ,48.)
L1=BF (AL (J=1) ,A2(]=1) ,ALPHAL (J-1) ,ALPHA2(J~1) ,ALPHA3(J-1),4D,)
BUF2 = LOGINT(EKEV,E(J-1) ,E(I),X1,X2)
X2= BF(AL(J),A2(]) ,ALPHAL(J) ,ALPHA2(J) ,ALPHAZ(J) ,35.)
X{=BF (A1 (J=1),A2(J~1) \ALPHAT (J-1) ,ALPHA2(J~1) ,ALPHAZ(J-1),3T.)
BUFY = LOBINT(EKEV,E(J-1},E(J),X1,X2)
BUF = SEMINT(HUR,3S.,40.,BUF1,BUF2)
JOLD =4
RETURN
END

FUNCTION BCONC(EKEV,RMFP)

THIS FUNCTION CALCULATES THE BUILD UP FACTOR IN CONCRETE OR
CONCRETE LIKE MATERIALS FROM THE NBS SOLUTION USING 12 PARAMETERS
BY EISENKAUER AND SIMMONS REF NUC SCI AND ENG 56,263-278,1975

R IS IN MFPS

REAL E(25), DG!25),MUC(25),LOGINT,MUCONC

REAL AQ(25),A1(25),A2(25) ,A3(25),A4(25)

REAL B@(25),B1(25),B2(25),B3(25),B4(25)

REAL*8 BFC

COMMON /0LDJ2/ EOLD2, JOLD2

DATA E/15.,20.,30.,40,,50.,40.,80.,100.,150.,200.,3@0.,
400.,500.,620.,800.,1900. ,1500.,2000. ,3200.,4200.,5000. ,
6200, ,8000. 10002, ,15002. /

DATA MUC/8.2100,3.4450,1.1189,0.5588,0,3608,0.2734,0.2004,0.1704,
9.1399,0.1250,8.1073,08.0958,0.0873,0.,0347,0.27029,
9.2637,0.8519,0.0448,0.03465,0.0319,0.6290,0.0270,8. 0245,




.
BIR R
.

164

PN
.

3 2.9231,8.0215/
1 DATA D0/0.1589,8.1437,9.1327,0.1222,0.1128,
1 2.1118,3.1215,0.1376,0.1791,0.2149,0.,2690,
2 0.3338,0.3409,3.3674,0.4085,0. 4434,3. 4961,
3 9.5280,8.5679,0.5938,0.4158,0.4241,0,6425,0.6540,0.6476/
DATA Ad/1.1135E-2,2,4283E-2,0.06645,8.11734,0,15919,
! 9.18644,0,22372,0,24651,0.27768,2.29820,0.31837,
2 8.32929,0,33559,0.33965,0.34413,0.34678,0.35110,
3 0.35445,0.35691,3.35425,2,34788,2.33876,0. 31486,
4 8.29369,0.24038/
DATA A1/-0.0011583,-0.00244618,-0,0060622,-08,0892903,
! -0,015356,+0,025044,-0,010144,0,040674,9,021783,
- 2 2.229893,0,012225,0,2895543,0.0044976,2,0873127,
} 3 3.2291422,0.0298983,2.012016,0.3299221,0,0078632,
: 4 0.218371,0.040628,2.830809,-0.013397,-8.014510,-0.0829308/
DATA A2/5.483E-04,1.2409€-03,3.9089E-83,8, 6343E-03,
! 1.5169E-02,1.1833E-02,3,7832E-02,3.2059E-02,2,9878E-02,
2 4.8444E-02,
3 5.5001€-02,5.0474E-02,2.20168E-02,2,7012E-02,2. 2857E-02,
q 4 2,0874E-02,1.9785E-02,1.9206E-02,2, 1801E-22,3.9089E-02,
5 -9,3940E-03,-8.8533E-03,2,8838E-02,2.7261E-02,-1,9101E-02/
DATA A3/2.1S@3E-04,5.0984E-04,1.7224E-03,4,0328E-03,
1 7.5754E-83,1.3153E-03,3.0337E-02,2,6207E-02,3. 1915E-02,
2 8.2357E-02,1.0486E-01,1.1029E-01,3,4039E-02,3, 1744E-02,
3 4.4123E-02,5.04356-02,5.2275E-82,4,9193E-082,3,9008E-02,
] 4 2.9853E-02,2.8688E-02,2.5895E-22,1,8330E-02,1.40879E-02,
5 2,2817E-02/
DATA A4/4,2382E-05,1.0829E-04,3.9905E-04,1, 0308E-03,
{ 2,2527E-03,2.00000000,1.2457E-02,3.1514E-R6,5,8041E-02,
2 -1,8608E-04,-8.6411E-04,-6,35516-88,1,0539E-01,9, 4382E-02,
3 7.3809E-02,5.9498E-82,4,0714E-02,3.2172E-02,2,2167E-02,
4 2.0070E-03,6,7348E-05,3.5701E-03,1.,5406E-03,3.6397E-27,
5 9.8532E-03/
DATA BO/B8.57471,0.56384,0.54853,0.5385@,0.53787,
! 2.54758,0.57172,0.62062,0.65913,0,49464,0,73934,
2 0.76455,0,78166,0.79363,0.80851,8.81471,0,82277,
3 0.81861,0.80467.0.79201,0.78176,0.77249,0.75988,
4 0.75116,0.73974/
DATA B2/0.72706,8.71518,0,49814,0,48724,9,468395,
1 2.99637,0.69136,0.86298,0,77287,0.84434,0,82898,
2 8.82998,0,76467,0.79645,0,80369,0,80482,08,79982,
3 0.79546,0.81708,0.85749,0,72680,8.63341,0.85214,
4 0.86119,0,55119/
DATA B1/0.42393,0.41368,0,37364,0.36010,0.28648,
1 0.70718,0.80330,0.69185,0.68532,0.71979,0.48807,
2 0.65925,0.56762,0,56849,0,57175,0.55269,0.52340,
3 0.50858,8.46877,0.30734,0.83930,0,83961,2.57962,
4 0.56105,0.85134/
DATA B3/08.87317,8.86506,0.85649,0.85396,0.85703,
! 1,00436,0.85532,0.98931,0.67816,1,81431,1,01389,
2 1.020620,0.R7305,0.906888,0.91929,0.91859,0, 91245,
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3 2.90841,3.91102,2.946145,9.943868,0,94894,9.93974,
4 3,97377,2. 65292/
DATA 34/3 $64403,2.94134,2,93995,8.96110,2.98362
1 1.33329,8. 9Q334 1.17862,1.20648,1, 39682 1. 07289,
2 1.34178,1.32139, 3.9?831,9.99455,9.991&3.9.?8767.
3 3.93“42,3 93426,1,21558,1.100923,1.00829,1.01181,
4 1.22932,8. 97741/
SFC(R, U, AQ Al,A2,A3,A4,BD,B1,82,B3,84,00) = | +
1 AB*U“R*DEYP( DBLE(U*R/BB))+AIQ(U*R/81)**Z*DEXP( DBLE(U#R/BL)) ¢
2 A2 & (U#R/B2)%#2 # DEXP(-DBLE(U*R/B2)) +
3 A3 » (U*R/BI)##2 # DEXP(-DBLE(U#R/B3I)) +
4 Aé*(U*R/84)**2iD=XP( DBLE(U#R/B4)))/(DO*DEXP (-DBLE(U#R)))

C--=--U3E LOG-LO3 INTEZRPOLATION

g

LOSINT (X, XI X2,Y1,Y2) = EXP((ALOG(Y2)~ALOG(Y
t (ALQG( X;-Q‘Oa Xi))/ ALOG(X2)-ALOB(XL)) + ALOG(Y!))
R = RMFP / MUCONC(EKEY)
WRITE (#,1300) "BCONC 2',EKEV

Coexwss DO NOT LOOK UP CONSTANTS IF YOU ARE NOT CHANGING ENERGY

211

212

IF(EKEY.EQ.EOLD2) THEN
J = JuLD2

GOTO 212

ENDIF

EOLD2 = EKEV

J=2
---use lowast two data points for energies below table
IF(EKEV.LT.E(1)) GO TO 212
IF(EKEV - E{J)) 212,211,219
J = J + ¢
IF(J.LT.25) GOTO 222
-=--uge highest two data points for energiss above table
GOTO 212
BCONCsBFC(R,MUC(J),a0(J) ,AL{J),A2(J),A3(J),A4(J),BR(J),BL (YD),
{1 32(J),B3¢J),B4(J),D0(J))
URCONC = R # HMUC(])
JoLp2 = J
RETURN
CONTINUE
X2=2BFC(R,MUC(J),A2(0),AL(J),A2(J),A3(J),A4(J),BB(J),BL{J),B2(J),
1 B3(J),B4(J),00(J))
K= J -1
X1=mBFC (R, MUC(K) ,AQ(K) ,AL(K) A2(K),A3(K) ,A4(K),BA(K),BI(K),B2(K),
{ B3(K),B4(K}),DO(K))
BCONC = LOGINT(EKEV,E(J-1),E(J),X1,X2)
URCONC = R # LOGINT(EKEV,E(J-1),E(J),MUC(J=-1) ,MUC(J))
JoLD2 = J
RETURN
END

REAL FUNCTION MUCONC(EKEV)
~this fucntion calculates mu over rho for concrete in cm2/qQr
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REAL E(23); MUQRKO(235), LOGINT

} Lomm=- mass attenuation data from Nuc Sci & Eng 56 pr 267, 1973
"
DATA E/15.,20.,30.,42.,59,,62, B80.,100.,152,,290.,320.,
{ 422.,503.,4600,,629,,1000,,15292,,2002,,3092.,4330,,5289,,
2 6322.,82292.,120202.,15022./
- DATA MUDRHO/B,02102,3.4450,1,1180,2,5588,0,34628,0.2734,0.2204,
¥ 1 2.1704,2.1399,93.1259,0.1273,2.08958,0.8873,8.0807,0.02709,
2 2.2637,0.0519,0.0448,0,9365,0.0319,0.0290,0.02270,0.0245,
3 6.9231,0.8215/
c
C----USE LOG-LOG INTERPOLATION
: LOGINT(X,X1,X2,Y1,Y2) = ZXP{(ALOG(Y2)-ALOG(YL) )+
} § (ALOG(X)-ALOG(X1))/(ALOG(X2)-ALOG(X1)) + ALOG(Y!))
c
c
J=2
Lommmee- use lowest two data points for energies below table
I[F(EKEV.LT.E(1)) GO TO 212
q 208 IF(EKEV - E(J)) 212,211,212
210 J = J ¢+ |
IF{(J.LT.26) BOTO 2232
Lamonan- use highest two data points for energias above table
60TO 212
- 211 MUCONC = MUDRHO(J)
3 RETURN
212 CONTINUE
MUCONC = LOGINT(EKEV,E(J-1),E(J),MUORHO(J-1) ,MUORHO(J))
RETURN
END
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